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PROGRiiMI^E - FORENOON SESSION 

MOTTmr 

June 21 

Registration of Participants 



Inauguration s R.VLI'IEATARaIIaN 

Minister for 

Indu stries 

Govt, of f4adras 



Speaker 

s J.R. IIaRTIN 

University of Houston 

U.S.xx, 

TUESMY 

June 22 

Subject 

• Objectives of Engineering 
Education 



Chairman 

: LEO V. NOTHSTINE 

Professor of Civil Engg. 
Michigan State University 
U.S.A. ^ 



Speaker 

s S. RajAR/lfAN 

Director of Technical 
Education 

Lerala 

WEDNESDAY 

June 25 

Subject 

s Principles of Teaching 
and Learning as Applied 
to Engineering Education 



Chairman 

: y. IUi.LYANARA'hi.N , 

Principal • 

College of Engineering 
Guindy, Madras. 



Speakers 

: 1. K.C. ClLiCKO 

Principal 

College of Engineering 
Trivandrum 




2. J.D. SMITH 

Regional Representative 
British Council, 

Madras. 
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FRIDAY 


MONDAY 


June 84 Subject s Planning and Organization 

of Instruction 

Chairman: T.C. GEORGE 
Principal 

Engineering College 
Trichur 


Speakers: 1. A.L, KRISHIfeN 
Principal 
A.M. Jain College 
Madra s. 

2. CHAHDRaN DEVANESAN 
Principal 
Madras Christian 
Colie ge,Tarnbaram 

June 25 Subject : Development of Resource¬ 
fulness and Originality 

Chairman: V. KALYANaRAMaN 

Speakers: 1. K. SRIIJIVASAN 
Director 

Madras Institute of 
Technology. Chromepet 
Madras 

2. K.S.G, DOCS 
Director 

Electro-Chemi cal 
Research Institute 
liaraikudl 

June 28 Subject : Basic Science and 

Mathematics 

Chairman: LEO V. NOTHSTINE 

Speaker : Alladi RAllAivRISHILiN 
Director 

Institute of Mathematical 
Sciences, Madras 



TUESDAY 


V7EDWESDAY 


THURSDAY 
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oune 29 Sub;iect s Humanities, in Engineering 

. Education 

Chairmans I.O. EBERT 

Professor in ^lectrical 
Engineering 

Michigan State Universitv 
U.S.A. 

Speaker s s 1. R. KKL 

Head of the Department 
of English 

1.1. T. Madras. 

2. D.H. t-JUTTaLL 

Heed of the Department 
o1 Humanities, 

1.1. T., Delhi. 

June 30 Sub^ject ; Curriculum Objectives in 

Relation to Laboratories 

Chairman; W,J. FEIRLISEI'T 

Professor of Mechanical 
Engineering 
Wisconsin University 
U S.A, 

Speaker ; V. JCALYANAR;y''diN 

July 1 Subject . Preparation of Lsooratory 

Experiments , 

• 

Chairman; LEO 7. NOTHCTIUE 

Speakers: 1. T.S. VEU . aTaHA^IaNAN 

Professor in Structural 
Engines ring 
College of Engineering 
Guindy, Madras 

2. r:. ACHUTHAU t-taIR 

Professor in Mechanical 
Engineering 
Government College of 
Technology 
Coimbatore. 
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FRIDAY 


MONDAY 


TUESDAY 


July 2 '^ubject ! Methods ai^d Technioues in 

Engineering Instruction 

Speakers; 1. LEO ?. MCTHSTINE 

2. W.J, PEIHEISEN 

3. I.O. EBERT 


July 5 Subject ; Role of Examinations 

Chairman; T.R. DAS 

Director of Technical 

Education 

iindhra Pradesh 

Speaker ; C.P. RAHaSIaFaMI IYER 
Vice- Chancellor 
ii-nnamalai University 

July 6 Subject ; Computer Technology 

Speakers; 1. C.V. iiYAWDA RaO 

Asst, Professor of 
Electrical Engineering 
College of Engineering 
Guindy. 

2. P. PURCTSHOTHAMaN 
i^sst. Professor of 
Structural Engineering 
College of Engineering* 
'duindy • 

Subject ; Development and Growth of 
Instructors 

Chairman; T.R. DAS 

Speaker ; LEO V. NOTHSTINE 
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WEDNESDAY July 7 Subject s Trends in the field of 

Engineering Education 

Chairmans. LEO V. WOTHSTINE 

Speakers^ 1. V.V.L. RAO 
Principal 

Regional Engineering 
Co Liege, Warangal 
A.ndhra Pradesh 

2. 3. SENGUPTO 
Director 

Indian Institute of 

Technology 

'ladra s 


THURSDAY July S Subject : Evaluation of Teacher and 

Z-( aching 

Chairmans V.V.L. RiiO 

Speakerss i. LEO V. POTESTINE 
2. W.J. FEIREISETT 
I.O. LBEHT 

Subject ; Examinations and Internal 
Assessment of Students in 
Engineering Colleges 

Chairman^ LEO V. NOTHSTIHE 

Speaker s T. MUTIIIAN 

Director of Technica 1 

Education 

Hadra s 


FRIDAY July 9 Subject s Evaluation of Summer 

School 

Chairmans V„ F.ALYANARAliAI'T 
* 

Speaker s T.C. EBEjRT 


:i:s(C34: 



PROGRAMME - iiFTERMOOM SESSION 
CIVIL ENGINEERING GROUP: 


MONDAY 

TUESDAY 

WEDNESDAY 


THURSDAY 


June SI INTROlXTcriow . Filling out 

Orientation and Familiarisation, 
Preparation of Roster 

June-22 Subject : Curriculum Review - U. S.A.- 

India 

Speaker : LEO V. NOTHcTITTL 

June 23 Chairmans V.C. KULANDAITj/amY" 

Subject : Formal and Informal 

Lectures, Planning and 
Presentati'.n 

Sjeaker ; H.'S. SHIiiiS^rAI.fY 

Professes in Civil 
Enginee ing 

Hanipa . Engineering College 
Hanipai, Mysore. 

Subject ; Piac^ of Tutorials in Civil 
Engineering Instruction 

Speaker : P.L. JfEIYAPPiiN ; 

P:ofessor in Civil Enginee¬ 
ring, 

T'iiagarajar College of 

Engineering 

Madurai (JIadras) 

June 24 Chairmrii? LEO V. NOTIISTINE 

Subject ; Objectives of Laboratory 
work ^ 

Speaker s K.M, BAHAUDDIN 

Professor in Civil Engg. 
Regional Engineering 
College 

Calicut (Kerala). 



FRIDAY 


MONDAY 


Subject : Planning Laboratory Exercises 
for a course in Strength of 
Materialsj Hydraulics and 
Survey. 

Speakers.* 1. P. PURUSHCfHAMiirT 

2 . S, NiiRidxANA!^/AMY 

Asst. ^'rofessor in Civil 
Engineering 

Govt, College of Technology 
Coimbatore (Madras) 

3. .P, JELBALA BaO 
Professor in Civil Engg. 
College of Engineering ■ 
Pakinada (-ii-ndhra Pradesh) 

June 25 DEMONSTRATION: 

Tee of Yisual Aids in Civil 
••engineering Instruction - 
Slides on Prestressed 
Concrete - Models on Shell 
Structures. 

June 28 Film Basic Fluid Mechanics 


TUESDAY 


June 29 Chairman; R. BHIM4SIN RAO 

Professor in Civil Engg. 
B.y. Bhoomareddi College 
of Engineering A Technology 
Hubli, (Mysore) 

Subject s The Objectives of Project 

Method and its use in Civil 
Engineering instruction. 

Speakers; 1. V.N. VaPPICHA 

Asst.Professor in Civil 
Engineering 
Engineering College, 
Trichur (P(erala) 


M.S. JAYA.DEVA 
Reader in Civil Engg. 
Sri Jayachamarajendra 
College of Engineering 
(MYSORE) 
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WED^TESDAY June 50 Subject 


5. D,V. GxiF'iA'OiiiiH 

Lecture^” in Civil Engg, 
h.V. College of Engg. 
^ayanagar, Bangalore 
(IJYSORE) 

Computer Programming 


riiURSDAY 

FRIDAY 

MONDAY 


July 1 , Subject s Computer Programming 
July 2 Film : Nuclear Power 

July 5 Chairman; LEO Y, NOTIl'^INE 

Subject ; Seminar Method in Civil 
Engineering instruction 

Speaker ; A. KUL/iTIiU IYER 

F-eadsr in Civil Engineering' 
Engineering College, 
Trivandrum (KEPAIa) 


Subject ; Curriculum Planning for a 
C’vil Engineering Degree 
Course 


TUESDAY July 6 


WEDNESDAY July 7 


THURSDAY July 8 


Speaker ; R.M. BAflaUDDIN 

Chairman; H.S. £HIVaSI'7akY 

Subject ; Techniques of Design of 
Examinations 

Speaker ; LIC 7.' ITOTHSTIfJE 

Subject : Productivity in Engineerine 
Education 

Speaker : R, SAMUEL 

Asst.Professor in Mechanical 
j ngineering, 

College of'Engg., 'Guindy. 
Chairman; K.H. BAIDIUDDIN 

Subject : Careers in Civil Engg. - 
Teaching - Opportunities 
and Limitations 

Speaker ; D. JLIBaLa RAO 





PROGRAi^IE - AFTERITOON SESSION 
electrical engineering GROUP: 


x-viii 


MONDAY June 21 ICTRODUCTION of participants 

Introductory remarks by I.oTebERT 
Ppofessoi of Electrical Engineering 
Michigan State University, 
and 

s, SRINIViiSiiN 

Professor of Electrical Engineering 
College of Engineering, Guindy, 
Madras - 25 ’ 


TUESDAY' 


June 22 Subject ; Semiconductor Electronics I 
Speaker ; I.C. EBERT 


Film : Magnetic Materials 


WEDMESDAY June 23 Subject 


Semiconductor Electronics II 


Speaker ; I.O. EBERT 


Film 

Thursday June 24 Subject 

Speaker 

Film 

FRIDAY June 25 Chairman 


5 Transistors 

Semiconductor Electronics 

III 

I.O. EBERT 
Zone Melting 
S, SRINIVASA.N 


Subject : Engineering Curriculum and 
Course work in USA and India 
- A comparative assessment. 

Speakers! I.O. EBF.RT and some of the 
participants. 

Film 5 Ferromagnetic materials 
and Hysterisis, and 

Atomic PoxArer at Shipping 
■ Stations. 



MOND/ir 


TUESnaY 


WEDNESDAY 

THURSDAY 

FRID/iY 

MONDAY 
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June 38 Chairman; I.O. EBERT 

Subject , System Stability in the 
sense of Lyapunov 

'-'peaker : P.C. CKANDPuiSEl^^HARAH 
Asst.Professor of 
‘lectrical Engineering- 
college of Engineering 
-juindy, Madras -25 


June 29 


Chairman; 
Subject t 


s. SRINIVaSAN 

® -Applications 

of Linear Motor 

Speaker s K.M.A. Md. SULAIMtlF 
Profe ssor 

Govu College of Technology 
f-cxmbatore 

Chairma n 1.0. EBERT 

•Subjecl 2 An_ introduction to the 

rrincipies and Applications 
01 '-'Upt'rcondu cti Vi ty. 

speaker 2 K, l'LE^v.^TASITBll^l^.k]\JIA^J 
•Asst. Professor 

Engineering 

and -Lechnology 
Earaikudi 


June 30 
July 1 
July 2 
July 5 


Subject 2 
Subject 2 
Film ; 
Chairman: 
Subject : 


speaker 


Computer Programming 
Computer Programming 
j'lu clear Power 
5. SRINIVaSajj 

Digital Studies of Power 
Systems Load Flow Study 

SUJEER 

Asst. Professor 
College of Engineering 
Guindy, Madras-25. 
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TUESDAY July 6 Chairmans I.O. iPFRT 

Subject : Digital Studies of Pow 
S', stems - Short Circui 
-tudy. 

Speaks s ?.N. ^TJLER 

A £ e t, Pr of e s s or 
College of Engineering 
Guindy, Madras-35 

WEMESDaY July 7 Subject : Productivity in Engineering 

Edu cation 

Speaker s R. SAtiUEL 

Asst. Professor of Mech. 
Engineering, 

Guindy, Madra 

THURSDAY July 8 Chairman; I.O. EBERT 

Subject ; Education an i Training of 
a Modern Engineering 
Student. 

Speaker ; S. Sr;Ji'U vE'.SAM 

Professor of Electrjcal 
Engineerir.g 
Co'Llege of Engineering 
Guindy, > dra s-'3 5 




rt ro 



PROGRAMME - AFTEMOON SESSION 


3£Xl 


MECHANICAL ENGINEERING- GROUP; 


MOND^iY June 21 INTRODUCTION, Ob;3®ctives of Summer 

School. 

Slides ‘of University of 'Wisconsin 
Campus, Madison, U.S.A. 

TUESDAY June 22 Subject ; Mechanical Engineering 

Curriculum 

Speaker : W.J. FEIRLISEN 

Film : -Schliesen 

Aijproaching the speed of 
aand. 

WEDNESDAY June 23 Subject ; Tfaching the Thermosciences 

Speakers^ a.P. JAI4BULINGAM 

W.J. FEIREISEN 

Film ; Flow “Visualization 

^'ressure Fields and Fluid 
Acceleration 

THURSDAY June 24 Subject ? Teaching of Machine Design 

Speaker ; R. SA14UEL 

Film ; Structural Testing 

FRIDAY June 25 Subject ; Industrial Engineering and 

Manufacturing Processes 

Speaker : H.O.N. JOSEPH 

Film ; Modern Steel Making 

Chemistry of Iron and Steel 

; The Fluid Dynamics of Drag 
(4 parts) with introduction 
by W.J. FEIREISEN 


MONDAY 


June 28■ Film 



rxii 


TULSDJiY June 29 Subject 

Speaker 
Fi Im 

WEDNESDAY June 30 Subject 

THURSDAY July 1- Subject 

FRIDAY July 2 Film 

MONDAY July 5 Subject 

Speaker s 
Film 

TUESDAY July 6 Subject s 

Speaker 
Fi im 

WEESTESDaY July 7 Subject 

Speaker : 
Film : 

THURSDAY July 8 Subject > 

Speaker : 
Fi Im ; 


s ihe Hole of the Shop and 
Co-operative Programme in 
Mechanical Engineering 
Curricula 

; R.P. ARTHUR 

" Steel Processing 

J Computer Programming 

s Computer Programming 

• Nuclear Power Engineering 


The Mechanical Engineering 
Laboratory.’ Its place in 
the curriculum. 

W.J, FEIREISEN 

Increasing the Efficiency 
of ‘"Jevelopraent Testing 
(2 parts) 

Mechanical Engineering 
Laboratory; 

Developments of experiments 
; W.J. FIIREISEN 

Tomato in a Box 
Slst Century Power 

’ Productivity in Engineering 
Education 

I R. SAMLTEL 

: New Power for Flight 
La Fiiur Cryorganic 
Systems 

Professional Communication, 
Report Writing 
W.J. FEIREISEN 

Project Apolloj Manned 
Flit to the Moon” 

F-1 The Mighteed Rocket 
Engine 

Electric Propulsion. 
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PROGRAJIME 

THURSDAY 

MONDAY 

TUESDAY 

TUESDAY 


special lectures 


June 34 Chairmans V. KaLYaNARaMA'^ 

Subject ; Monoliths 

Speaker • P.S. SUBRaMaNIAM 

Executive Director 
Gannon. Dunkerley Ltd. 
Madras. 

June 28 Chairmans LEO V. NOTHSTINE 

Subject-: Rcle of Engineers in Plan 
ProJ ect s. 

Speaker : M. GaNAPATHY 

Retired Chief Engineer 
Kandla Project. 

June 29 Chairman: I.O. EBERT- 

Subject : a City's Water Supply -with 
Special Reference to 
Problems of Madras City. 

Speaker : O.T. RAGHAVAN 

Water~-'jforks Engineer 
Corporation of 1-iadras. 

July 6 Chairman: S. SRINIVA-SAN 

Subjects: High Rupturing Capacity 
Cartridge Fuse Links. 

Speaker : C.R. BaLaSUBRAMANIAM 
Senior Engineer 
English Electric Co. of 
India Ltd., Madras. 
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PHOGKiJi'dICE 



VISITS 

SATURDAY 

June 

26 


Visit to Integral Coach 
Factory, 

Madras. 

SUNDAY 

June 

27 


Vl.sit to Mahabalipuram 

SATURYDaY 

July 

3 

i 

$ 

5 

Visit to Neyvpll Lignite 
Corporation works at Neyveli. 

SUNDAY 

July 

4 

1 



SRI R. VENKATARAMAN 

Minister for Industries and Technical Education, Govt, of Madras, 
Inaugurating the Summer School. 



Prof. J. R. MARTIN 
University of Houston, U. S. A. 

Speaking to the Participants on “ Engineering Education in A Developing 

National Economy”. 







Prof. J. C. LEACH 

American Co-ordinator for the Engineering Summer Schools in India, 
Addressiag the Participants. 







WLLCOifL iiDDRESS BY 3X1 To^^UTliIA^^, DIRECTOR CF TECHNICAL 
EDUCATION AND COCRDIKaTOR, , ENGINEERING SUMIER SCHOOL 
(SOITTILERN REGION), MDRAS. 


Honourable MinisterLearned.Professors, Partici™ 
rants of the Suramei^ School, Ladies and Gentlemen, 

I have very great pleasure in extending a hearty 
welcome to you all on this happy occasion of the inau- 
i'-ruration of the Summer School fcr Teachers in iinginee- 
rin;r Colleges in the Southern Region, which is being 

conducted here in the Engineering College Carmpus for 

# 

a period of three weeks from to-day (31-6-1965). He 
are particularly grateful to our Hon'ble Minister for 
Tec't.nio." 1 Education, who, in spite of the h^^avy call 
on his valuable time, has so kindly agreed to inaugu¬ 
rate the Summer School here this morning. The great 
personal interest which he has in the progress and 
dGvelopm.ent of Technical Education in this State is 
too well known and his presence here today is in it¬ 
self a proof of that interest. 

The Summer Schools for Teachers in -i-eci.inical 
Institutions in this country are organised on a regional 
basis by the Assoc:' ation of Principals of Technical 
Institutions (India) in collaboration with the USalD, 

New Delhi. The tremendous expansion ol iechnj cal 
Education in India during the past decade has confrontea 


^The address was read by Prof.Y.Raly^araman since 
Sri T.Muthlan was on a tour oi 
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all institutions with the serious problem of the short¬ 
age of qualified teachers. In addition, the boundaries 
of knowledge during recent years, have moved forward so 
rapidly, particularly in the field of Engineering and 
Technology that curricula and courses have not Viept pace 
with the rapid increase in scientific knowledge. It is 
needless to mention that it is of utmost Importance that 
teachers in Technical Institutions in the country should 
become familiar with the latest developments in content, 
methods and techniques, so that the teaching undertaken 
by them adequately reflects the progress made. The Sum¬ 
mer School Programmes hru/e, therefore, been organised by 
the Association of Principals of Technical Institutions 
(India) to provide teachers in Engineering Colleges and 
Polytechnics with the opportunity of making a concerted 
and combined effort to acquire a greater appreciation of 
the exact place of Engineering Education in India's total 
educational spectrum, and to reorient the curricula and 
methods and techniques of teaching. Broadly speaking, 
the following are the main objectives of the Summer 
Schools 

i) to introduce the best teaching methods and 
techniques for the various disciplines, 

ii) to improve the subject matter competence of 
the participating teachers, 

iii) to Inferoffse^thetr’-'-skiitls feheir 

ability to inspire students. 
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iv) to stimulate the interest of teachers by 
bringing them in contact with nroninent men 
in their field of teaching, 

v) to relate Engineering Education to the needs 
of Indian Industry, 

Vi) to provide the opportunity to selected indi¬ 
viduals to acquire the skills and knowledges 
related to the operation of Summer School 
Programmes, and 

viiy to provide tlie time, means and encouragement 
for discussion amongst the participant - 
teachers with similar backgrounds, interests 
and problems so as to create greater mutual 
understanding and appreciation of each other's 
problems. 

The Summer Schools will thus provide a significant 
opportunity for the participating teachers to find 
inspiration and stiraulation of extended personal con¬ 
tact with other teachers in their respective fields 
as well as some eminent technical educators. Expe¬ 
rienced Professors of Engineering disciplines from 
some of the American Universities are associated with 
the Summer School'Programme as expert consultants to 
help organise and conduct the programme in an effici¬ 
ent manner and they are assisted by Indian Counter- 
r.arts. I extend a special welcome to the ■‘■imerican 
Professors who are here with us and I am sure that 



with their great care and interest the Summer School-- 

which is being conducted here, will be an un^ualifted 
succe ss. 

The first Summer School for Engineering College 
Teachers in the Southern Region (States of I'-iadras, 

Andhra Pradesh, Mysore and Kerala) sponsored by the 
A.P.T.I. (I) in collaboration with the USAID, was con¬ 
ducted last year (1964) at the P.S.G.College of Techno¬ 
logy, Coimbatore, Encouraged by the response to and 
success of that school, the sponsors have expanded their 
programme and this year in addition to the normal pro¬ 
gramme, a Special Summer School for Engineering College 
Teachers is also being held in each region. While the 
normal programme for the Southern Region this year, is 
conducted here at the College of Engineering, ‘-1uindy,a 
special school programme is being conducted at the 
P.S.G.College of Technology, Coimbatore. A Summer 
School for Polytechnic teachers in the Southern region 
was conducted last year at the Central Polytechnic, ^ 
Adyar, Madras, and this year also, a similar school is 
being conducted at the Central Polytechnic. 

The normal Summer School programme is confined 
to the three main Engineering disciplines - Civil, 
Mechanical and Electrical- and the total number of 
participants for each region is limited to sixty. 

I am very happy to mention that the Summer School 



I'or 5'63chgps 


of Engineering: pO'^M’ee 


Courses vrhich 1 


being inaugurated today, has the full comiilimcnt of 
.sixty participants representing the-vari ous ,Engineering 


Colleges and other Institutions C 9 nducting degree courses 
in Engineering .in the four States of the Southern Region. 
I sincerely hope that all these participant teachers will 
take full advantage of this Summer School Course and 
derive the maximum benefit therefrom, so that they can, 
when tney go back to their respective institutions on 
the completion of the course, make use of the extra 
knowledge and experience gained by them to improve the 
techniques and standards of teaching. I also hope that 
with the whole-hearted cooperation of all concerned, 
this Summer School will be a great success and that it 


will not only be hailed as a model to be emulated by 
Others, but it.s .success will also lend to such Summer 
School Pro;rarnmec being conducted here-after as a 
regular leature, and possibly on a wicier and more expanded 
basis. I wish all the participants a pleasant and com¬ 
fortable sojourn here and a.really beneficial and worth¬ 
while term of Sumnier School participation. 

I once again extend a hearty welcome to all on 
behalf of the sponsors of the Summer School Programro.e 
and on my own behalf. 


The 


SOU, 



INAUGURAL ADDRESS BY SRI R. VERlaiTAiuiJair 
INDUSTRIES, GOVERNMENT CP f-iaDRAS. 


Sri R.VET!K.iTARAfvtU', Minister for I 
Tehnical Education, Government of-M„.dras 
the Summer School and an extract of hir 


MINISTER FOR 


ndustries and 
, inauqjurated 
speech is given 


belowJ 


There are at present eleven engineering and tech- 
^^lejgical institutions in the Auate turning out annually 
about ISOO Engineers. Engineering "’technology has now 
come to be realise! as an important f-icter, necessary 
for accelerating -the industrial development of our 
Country. The present degree course in engineering is 
fairly well balanced between the requirements of huma¬ 
nities, science and technology. But not enough emphasis 
has been given to teaching the practical side of the 
Profession. The students pa<^ring out of tliese courses 
do not have that practical background necessary to take 
up the type of design, planning and execution of works 
which the engineers are expected to do. Instruction 
has lacked close contact v/ith practical life. In view 
of the vast strides in technical development being 
made in the country now and the likely step-up in the 
tempo of such activities in the future, it is very 
essential for an engineering student to be fully con-., 
versant with the potentialities of processes and 
skills connected wii;h his profession and to have on 
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intimate l<jnowledge of crafts i^hich would enable him to 
give technical guidance to craftsman. Technical educa¬ 
tion should aim at training tvell edijcatcd and chltured 
citizens equipped with a knowledge of modern science 
and technology, capable of skilled wort, physically fit 
and imbued with a spirit of patriotism. I hope that 
this ■Summer School during its three week deliberations 
would also examine the educational pattern and would 
be able to recommend a policy by wl^ich the alms of 
technical education could be truly achieved. I wish 
the school all success and have great pleasure in 
inaugurating it. 



8 


Jaipes L.Leach, the -‘^Tierican Co-ordinator for the Summer 
Schools In India also made a brief speech, extract 
of hispeech is ...ivcn belox'^; 


L.LEi-Xii exp^’essed his pleasure in being 
present on the occasion of-thr- ine.ugurotioi: of the 
Suiamf.r ischool lor the Southern Region and participating 
in the proceedings of th« day. lie sa^d that he had the 
privilege of hno'.nng many Indian students personally 
when they xvere studying in U.^.A. In their analytical 
ability and theo;-rtical knowledge th£y are second to 


none 


T.i:sy cire ri€.'!"ly as v/ell equipped es their 


counterparts in advcJtjcerl countries. But when it comes 
to applicdtioii, tliey ::re some what diffident. There 
are various reasons for the prevalence of such fit situa¬ 
tion. It is necessary that toe engin'^erlng teachers 
!5e. aware of thi s foot fined lay n^--cessary emphasis on 
developing the abilit-/ to fiipply the knowledge acquired 
bv the students. 

hp said tli>: the future engineers of India have 
frefi'it opportunities and responsibilities. Taking for 
instance tb^ field of corraunlcation alone, there is an 
^norwous scope for progress and development. The same 
■‘Tould be true bi' many other fibress. The engineers' 
education .--nd training should be such that they are 


well equipped not only to face the problems of today 
but also those of tomorrow. 
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lie hoped that the deliberations of the • Summer 

I 

School would help the participants to understand, in 
proper perspective, some of their problems and seek 
solutions on the basis of co-operative, effort. He felt 
that the contact brought about among the staff from 
various institutions would have a lasting effect. 

He wished the Summer School all success. 



?-■ N -JI fJEM If7 ■:} EIXI Cat IQi^ IM 
J. R. ]\lilRTI?'T 


DBVPjLOPING ?IaTIONAL ECOrjCl-fY 


Mr.Venivatararaan, et al, 

^ an': very ■please':: end greatly honcured to parti- 
c5.pnte in the inari 1511 rati on of this summer instit'ute 
for teachers of engineering. It is most appropriate 
that it shonl'd begin by examining tije purposes and 
objectives of ennineering education. These are 
inenrtricably linked with those of the developing 
natioDj for engineering is not an isolated function 
operating independently of other professions and 
crafts. 


I would like to relate a story that you may 
recognize. Once there was a lao'd and a people that 
vras the colonial possession of one of the world's 
great powers. These people -suffered all those restri¬ 
ctions associated with colonial administration. When 
they petitioned for redress of their grievances no 
satisfaction ■'vas obtained, Tr.''*’ inevitably reached 
the conclusion that their true destiny lay in inde¬ 
pendence. Leaders among the people arose, men of 
strong character, great learning, sincerity and con¬ 
viction. They had the gift of l^-a-'lershlp and the 
belief that the future of their country was worth 
sacrificing their o'';m interests for. i^-fter much 
strife and violence they finally obtained independence. 
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■-hey (Then set about the work of eoveming them- 
eelvee ao, bulUi„, a nation. They wrote a oon.,tltu- 
t.Oii ..hat eetoolished a ae!;iooraoy, provided for a 

1 Cciin^ .FO 1 5? V ^ v^'i r\P 1 r*, T -L • 

■' ... elation, a President, a .Supreme 

Court, and, above all, guaranteed the fundamental 

rights of the people. The nation was to be a federa- 
tion of self-governing states. 

In lt.s early days the nation ivoe threated by 
external powers that oast a covetous eye on Its 
territory and resources. It was torn l.nternally by 
dissenting political parties that opposed democracy. 

In spite of such obstacles the nation grew and pro¬ 
spered and took Its place as the peer .of any on earth. 
The belief In a people's ability to govern themselves 
and t.he freedom a.nd dignity of the lndiv:.dual triumphed. 

The name of this country Is the United States of 
America. Perhaps you felt this story had a familiar 
-cund to it, that perhaps I was describing India. So 
I was, for there are some remarkable parallels bet- 
ween the two. There are also raany differences of 
course <,nd one of the.se Is that my country has had 
nearly 300 years since independence to develop, 

T predict that after -a time nuch .shorter than 200 
ye.^rs India will be o happier, prosperous country. 

•i-br India hss made gre^.-t strides in less than 
20 years of independence. 


Although drastic change in 
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the life of the great iriass of the people ie not evident 
as yet, the stat-i sties on production ol steel and grain, 
reduction of disease. Increase in life expectancy show 
that India is making great progress. 


In the preanbles of our two constitutions there are 
certain key '•'■ords like 'justice' and 'liberty' that in¬ 
dicate sirailarlty of purpose. Our Bill of Bights is in 
essence the same as Part III of your Constitution, 
'Fundamental Rights'. 

The Lok Sabhe and t'ue Hajya Sahha are similar to 
our House of Hepres'-ntatives and Senate. 

The passion for I'Teedota ti.at gripped men like 
Thomas Paine and Patrick Henry is the pafision that 
motivated Gandhi and Hehrn. It is an universal 
passion that knows no political or cultural boundaries. 

VJe know that dandhi was e-'^atly influenced by the 


American philosopher Thoreau and his theory of Civil 
Disobedience. The incredibly erudite Hr.k’ehru must 
have been influBK-ced by his enviable knowledge of 
vie stern history and philosophy, 

George Washington, the first present oi the D.-S, 
and the man usually referred to as the 'Father' of my 


country, was a surveyor in his early years. He main¬ 
tained a plant for the manufacture of building’brick 


on his estate in 
Thomas Jefferson, 


Virginia. The third President, 
was an architect, who also founded 
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the Urdvrrsity of Viri^inia. The late President Herbert 
Hoover, great huisariitarian ana public servantj i^s.also 
a Pilning Engineer, 

i cite these examples to shov/tlist engineers and 
builders are puite capable of national leadership, of 
aakinj decisions of import to the notion. Such functions 
are not the exclusive prerogative of lawyers and poli¬ 
ticians, doctors or priests. 

It is axiomatic that the development of a creat 
nation is dependent upon certain things. An adequate 
supply of energy is one. India has coal and hydro¬ 
electric power. The early development of the United 
States was dependent upon coal os its source of pox^er. 

Uut oil and natural gas has now replaced raany of the 
uses of coal. Hopefully India will discover sources 
of oil to pov.rp.r 'urr developin , economy. We read in 
the nei.fspapers the discovery of gc('.logic conditions 
favourable to oil production and it is certainly to 
be hoped tlvst this woivierful resource will be disco¬ 
vered here wliere it is needed sc badly. To develop 
this resource *,d.ll reuiire petroleum and chemdcal 
engin‘='ers, refinery and production technicians, and 
many varieties of trained workers and craftsmen. The 
discovery of substantial oil reserves in this country 
would terrifies; by -:.ccelerate its development. 
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Besides natural resources, a nation needs a healthy, 
educated, dedicated piopulace. The English philosopher 
ohn Locke said, "A sound mind in a sound body is a short 
hut lull description of a happy stat(> in tiji s world. He 
that has these two, has little more to wish for; and he 
that wants either of them, will br little the better for 
anything else”. 

And the British Prime Minister Benjamin Disraeli 
once- said, "The l;ei-.ltn of the people is really the foun~ 
dation upon which all their happiness and all their 
power as a nation depend”, dealth of the people is not 
the responsibility of the medical profession alone. The 
people’s health depends on such things as pure and ample 
water supply, efficient and ade-inate sewage disposal 
systems, and these are the projects of engineers. 

A healthy population depends on an adequate, nourishing 
supply of food, afid this is not solely an. agricultural 
problem. Engineers are desi.gners and braiders of agri- 
cultural machinery, food processing machinery, and the 
equipment to distribute this food where needed. The 
pre.servation of food by canning requires the applica¬ 
tion of engineering knowledge and preservation of food 
by freezing-is an untapped industry in this country. 

To move people and goods a developing country 
needs better railroads and highways. ^ modern economy 
is ba.sed on being able to move great quantities of 
goods quickly an-i for long distances, 


something I have 
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found f-a?tratir.'rly aifficult in. moving the equipment I 
have brought to India. 

A developing country needs a fast, efficient commu¬ 
nications system. The rapid relay of news.and informa¬ 
tion is essential to any modern economy. In the U.S, 

I can ring up a person in New.York - 3000 miles away - 
by dialing him direct, without need of an operator, and 
be spea.king ’-rith him in seconds. Contrast this with a 
call made to Delhi last week that took 4 hours. This 
kind of communication system is a deterrent to a highly^ 
developed economy. 

These requisites for development are the work of 
engineers and It is the aim of engineering education to 
produce the engineers. Engineers are concerned with the 
physical world, the problems of design, construction and 
maintenance, the hard work of day-to-day living. Engine¬ 
ering educators must prepare their students to go forth 
into this kind of vrorld, knoy/ing what to, expect and 
prepared to cope with it. The teacher cannot do a good 
job of this if he has not experienced it himself. He 
should take the initiative in finding out vrhst goes on 
in the world outside his classroom. New engineering 
knowledge is not discovered by people who isolate them¬ 
selves in ivory towers but by people who are willing to 
go to the world and try hundreds, even thousa.nds, of 
solutions until they find the right one. 
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It is the obligation of the engineering educator 
to not only impart technical knowledge to his students 
but instill in him the high sense of purpose of engi¬ 
neering) what we may call engineering ethics. The stu¬ 
dent must be made to realize that the acquisition of on 
engineering education is a great privilege that carries 
corresponding responsibilities. Li.ro tho medical and 
legal professions, engineers are obliged to use their 
expert knowledge for the benefit of their employer, 
whether individual or corporation or lovernmental 
agency. Engineers can merit professional prestige only 
when they have demonstrated unquestioned honesty and 
high purpose to the people, gained their trust, and, 
revered it as a sacred responsibility. 

Engineering education should relate itself to the 
practical needs of the country. I have heard requests 
from Indian engineering teachers for courses in such 
subjects as pre-stressed concrete when the application 
of the knowledge of the water-cement ratio is not even 
used on the jobj for courses in high speed electronic'' 
computers when ordinary desk, calculators can hardly be 
found in engineering offices. I am not saying that 
engineers should not be interested in these high level 
topics but he is in danger of becoming so preoccupied 
with the upper fringes that he neg.lects to attend to 
the practical needs oi his students and his country. 
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?his country is not at that state of its develop¬ 
ment where it needs large numbers of -people with science 
and research capabilities. It docs need practical- 
minded people‘who can go out and apply technology that 
is already widely known, to b-ild the roads, water 
supply, communications, distribution systems that the 
people so desperately needed. This is the direction 
that engineering education should take. We should 


first create the environment in -t-Thi ch science and art 
can, flourish, ■■'■clt-her law nor art can survive in a 
wasteland, they follow the trail of those '-fho build, 
t-ngineers and Engineering Teachers cannot 
ignore their re sponsi bility for the social and 
economic consequences of their work. The public's 
trust should be regarded as sacred do-i engineers 


entrusted with operations financed by people's 
money must see that the people are not cheated. 
Parents who entrust their children to our care for 
on education should be trained into technically 


competent and nobly motivated engineers. If I may 
ty.-:e the liberty of quoting from your own 
BHiLGAVADGITii, "For whatsoever a great man does, 
that very thing other men also don whatever 


standard he seta up, the generality of men follow 
the same". It is up to the engineer's of the nation 
to set the example and it is up to you engineering 
educators to produce engineers with such capability. 





"THE OBJECTIVES OF ENGINEERING EDaO^TION” 


Friends, 

I am very happy to be in your midst to-day, in my 
Alma Nater, to spor'ik on a subject with which I have 
been closely associated for nearly three decades. 

I shall deal with the subject briefly and with spe¬ 
cial reference to Engineering Education at Collegiate 
and higher levels, 

ENGINEERING E.DLICATION,’ Nhat is education? 

"To educate is to develop (as a person) by fostering to 
varying degrees the grov^th or expansion of knowledge, 
wisdom, desirable qualities of mind and character, 
physical health, or general competence, especially by 
a course of formal study or instruction". In other 
words the three major functions of education are instru- 
ction, continuing education, and research. You all 
know the well-known defintticrj of Enginec'ring as the 
use of Science to fulfil the needs of man. It Is, 
therefore, clear that the study of natural laws and the 
appreciation of the consequences flowing from them are 
matters of supreme Importance and interest to the pra¬ 
ctising engineei'’. This knowledge has to be utilised to 
satisfy the raaterial needs of man and having satisfied 
these needs, the engineer must help in developing a 
world community in which greater effort, time and 
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resources can be devoted to facilitating man's growth as 
a social, cultural and spiritual being. To quote from 
the American Society of Engineering Education's Committee 
on evaluation of Engineering education "The first obje- 
Gcive, the technical goal of Engineering Education is 
preparation for the performance (or full knowledge) of 
the functions of analysis and creative design ........ 

The second objective, the broad social goal of Engine¬ 
ering Education includes the development of leadership 
....... and the general education of the individual". 

Thus professional engineering education should fit a 
man for life and should, in addition, equip him for 
creativity in any position in his professional field. 

When dams had to be put up, rivers to be bridged, 
Cities to be built, and factories to be constructed in 
large numbers, Civil Engineers -were needed. Now when 
high speed and precision machines are to be manufa¬ 
ctured, automobiles,supersonic jets and space crafts 
are to be produced, and gigantic steel plants are to 
be brought into being - all in large numbers, many 
Mechanical Engineers are required. The needs for 
control and automation, the tremendous rise in commu¬ 
nication problems and the astounding, scientific -deve¬ 
lopments vrill call for more Electrical Enj^ineers. 
Projecting a little further, one can predict a rise in 
the requirements of personnel with a good background 
of knowledge of Physics and Mathematics and even 
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biological sciencf- s. 

-'-he rivers are spanned and the problem'is how to 
deal vTlth water pollution. Cities and factories are 
built and the problem is what to do about the slums and 
ihe iouled air. Better ways of killing people are 
found and the problem is t.> find ways of havinsr peace, 
ihhat we need, therefore, is jiot scient-i fl o research 
for pure knowledge) but engineering research (ansx^er to 
questions arising out of needs of man), eg., food where 

Improved methods of processing and storage and new 
means of manufacture are required; water where new 


sources from sea or weather have to be developed and 
pollution of '.hirtin.;:- sources reduced; air where pollu¬ 
tion from industry and automobiles will iiave to be 
removed; waste disposa1 which has tremendous Engi¬ 
neering imrlications both for developed and develo¬ 
ping nations;;problems of communication and transpo r- 
tstjon, etc. 


To 'JUKI up, the main objectives of Engineering 
education must be to provide the nation with designers, 
research technologiste, constructors, production tech¬ 
nologists, teachers an.] skillel craftsmen - all of 
quality. To achieve this objective, we will has'e to 
take stock of oi^r present position and analyse the 


changes called for. 
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ENGINE.1RJMG DESIGN: While Engineering design 
frequently results in sosething tangible like a sky¬ 
scraper, a Speed reducer, or a transistor circuit, 
it is better ±0 describe it as a mental process by 
■which a need or objective is translated into a speci¬ 
fic result. Engineering designs are made in a variety 
of ways-by empirical approach, mathematical analysis 
or by model studies. With the rapid Industrial!sa- 
tion of the country, the industries demand a large 
number of design engineers experienced in different 
fields.' Developments that once required decades are 
now compressed into years. The Engineer is shaped 
more decisively at his formal training in the Nniver- 
sity than with all the influences the industries may 
exert later. Hence it has become essential that 
Engineering design is taught in the Universities in 
all the specialised fields. In the U.S. S.R,, Sngi- 
neering design is so well developed in the Universi¬ 
ties that all major problems (e.g. all designs conne¬ 
cted with space technology) are referred to them with 
necessary grrants. The design and the connected 
research are always carried'on by a team of experts 
and their design is taken up by the industries &r 
execution. 
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Engineering design is the process of applying the 
various techniques and scientific principles for pur¬ 
poses of designing a system completely so as to permit 
its physical realisation. Hence the student of design 
at the commencement of his professional career will 
have to posses's a background which will enable him to 
apply his knowledge in a responsible way. He thus 
becomes an intermediary between scientific knowledge 
and physical, realisation, Thus the Universities at 
the highest level must aim to impart as much of sound 
scientific knowledge as possible. 

The first stage in design training is the acqui¬ 
sition of knowledge and information pertaining to the 
basic disciplines. It is, therefore, necessary to 
provide a certain amount of desi.gn work in the curri¬ 
culum. The emphasis should be more on the principles, 
methods of analysis, and basic properties of materials 
than on the factual details. The criterion of 
success will be the student^s ability to think and 
persevere in his work within his own limitations. 

The best way to achieve this is by giving project work 
to the students and introducing electives in the 
final year. 

During lectures, practical examples have to be 
taught in such a vray as to develop a decision - making 
capacity in the student. He should be encouraged to 
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sketch out his ideas clearly as this is the only line 
of ma.i'or communication between the designer and the 
draftsman. Ke should also develop the initiative to 
consider the alternative and choose the best compromise. 
This background can be efficiently covered by teaching 
the basic aspects of design for strength, rigidity, 
elastic stability, etc., in the early stages, then fun¬ 
damental aesthetics, theories of proportions and indu¬ 
strial design, then tutorial sessions where originality 
is encouraged os mucli as time permits and finally end 
with a pro.lect work - each student being assigned a 
vlifferent work. 

RESEARCH; Research Is defined as 'an endeavour 
to discover facts by scientific study - course of cri¬ 
tical investigation’. The driving force behind research 
is the man's unquestionable curiosity and his desire to 
seek rational.explanation of natural phenomena. The 
necessity for research in the developing industries can^ 
be visualised by a comparison of the technological 
advancement«5 of man with the n^ed for further explo¬ 
ration in various fields vis., micro-miniaturization, 
remote control for harnessing dangerous elements, 
standards of quality in production, adaptation and 
respoxise to c-nvirorjmental changes, reliability, 
compactness and precision, information theory and 
processing, etc. Modern t<^chnological disciplines 
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present such complex con'iguratinns that the research 
worker or experimenter h,o to re.^ort immriably to the 
making of mathemeticcl :aoael£ of physical systems 
involved^ formulation of the tneories of measurements, 
instrumentation techniquer, man-machine systems, etc. 
Another n.-’tin.nt question facing a good scientist or 
engineer is whether he has been adequately trained in 
the fundamentals which -would enable him to 'stay good'. 
The implementation ana survival of the development 
programmes in any technological sphere (agricultural 
product!on,povr-r an.; atomic or sclar energy, communi¬ 
cations and transport, sj-ace res'-arch, blo-electronic 
systems, etc.) depen-. upon the assimilation and utili¬ 
sation of the techniques available to-day as well as 
on effecting further improvprncnts in future. The 

scientists an.; engineers can achieve success in this 
fielii o.r2ly if they arc equipped with the essential 
tool - .-1 good knovjledv.e of the basic sciences. 

An Engineer has naturally to be alert for 
improved methods and tecl.niquss -rith make use of 
natural resources and offer lower capital end operating 
costa, greater reliability or aesthetic s«dvantages. 

-^^e has also to solve new problems created bv 
technology and for the solution of which past methods 
may not be the sure guide. He has, therefore, to do 
research himself or take the heir of a research worker, 
an institution or an Agency engaged in research work. 
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Rpseareb need not necessarily be done in laboratories. 
It can be done by hid on plants which he is operating 
if he has keen observation and knov?s how to Inter¬ 
pret results intelligently. Research may be ’pure' 
or 'appliei'. Pure research is intended to add to our 
understanding of nature, while applied research is 
specially directed to a limited objective of inimediate 
benefit to man. 

Research and good teaching are collateral, 

A good teacher with research background possesses 
penetrating knowledge which is much in addition to 
that required for class room lecture. This gives 
him confidence and brings dynamism in the teaching. 

A penetrating teacher can induce the students to a high 
level of thinking, a teacher with good re search■con¬ 
tribution evokes respect from the students and adds 
prestige to the Institution. 

Research should not be the prerogative of a 
few selected workers but its spirit and practice 
should inspire every member of the profession. The 
opportunities are greater to-day, than ever before, 
for the practising engineer to add something to the 
general store of knowledge. Ve w?lll be judged by 
our successors not only by the engineering works 
produced in our generation but by our contribution 
to that body of knowledge which will provide theia 
with the means to exceed our achievements. 



As we cennot afford tc gamble with matters affe¬ 
cting health, life and public money,, we always want to 
mahe sure that our designs are safe and hence are slow 
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in applying the results of research in new designs. 

Besides, engineering works have a long life and the 
results of research must ensure for the isew construction 
equally long life and good performance with rectuced 
operating costs. 

Before t.aking up any problem for research, it is 
essential to find out what has already been dene in that 
particular field or whether there is room for improT?ement 
in the methods by which the previous results were obtain'--:d. 
There must be sound thinking befbre a start is made 
because the art of researcl' lies in the combination of 
basic thinking and practical experiment. For any scheme 
cf research close- cooperation between the designer and 
the operating staff, practical applicability of the 
solution, and adaptability for design must be ensured. 

To stimulate research activities in E,ngineering 
Institutions in India, the following suggestions are • 
made s 

i) Freshly recruited staff to be kept temporary 
and confirmed only after they show marked 
self “development by research, preferably for 


attainment tovrards a higher degree. 
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il) A confirnri-'i meiiibcr should contribute 

at least one technical paper in a year, 

iii) 3 ei;'iin<irs should be arranged periodically 
when, in addition to the teaching staff, 
specialists froiri the Indi;sir-;, i.e requested 
to aldress and take part in the delibera¬ 
tions. 

iv) Inc'-ntives be established for research 

contribution. There should be more national 
recognition for meritorious work, 

v) Industries, defence establishment, etc., 
should sponsor research projects in tech¬ 
nical Institutions. 


DEmOPMENT OF LABORiVTORIESs The objectives of 
laboratory work should be exemplify the various pheno¬ 
mena of nature and to develop a keen sense of scienti¬ 
fic approach (art of measurement including accuracy 7 
precision and errors, development of a degree of self- 
reliance and ingenuity and a chance to demonstrate 


resourcefiilne ss, and acquisition of shill in presenting 
Engineering information) for the solution of Engineering 
problems through experimentation. The student must be 
made to realise that the laboratory work gives him an 


opportunity to think, evolve something original, expe¬ 
riment and finally solve problem. 
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In view of the ti^ht forei,;^n exchange po.sitiofij it 
will not be possible to ^,et necessary equipment from 
a or Oct d and equip tiie laboratories satisfactorily enough 
to develop research. It is, therefore, necessary to 
Si>art design, development and research units in various 
br9nc.h(-s of Ingineerin^], where 1:h- equipments reouired 
by the various laboratories of the technical instituionc 
in India can be designed and manufactured. This will 
avoid the delay in obtaining equipment from abroad and 
save foreign exchange. The research units can develop 
prototypes and new designs of esuipment and produce 
special equipment for research work as well as supply 
some equipment which are not readily available. The 
research units can act as consultants to small-scale 
industries. Such units can carry out resesrer,; work 
in a particular field and the designer in cnarge of 
the unit con also guide post-graduate work. These are 
to be located at places where facilities for post¬ 
graduate xrork and research in tliC particular field 
are available. However, the staff and the equipment 
as well as the facilities should be completely inde¬ 
pendent of the normal teaching work in institutions. 

Also such research units should b-e separately started 
for each of the different fields of specialisation. 
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tiie two year courses, 
worth oonsMering. 


DlLii; -Je have now standardized 
The following suggestions are 


i) Candidates for admission to post-graduate 


courses should have some pr«ifessional trai¬ 
ning at leact one year, after taking the 
cleoree.- 

il) Facilities be extended for the teaching of 
a foreign language to the extent of the 
student being capable of understanding and 
translating foreign technical literature. 

To begin with, different languages may be 
introduced in different centres. 

lLl)In addition to the written test, the can¬ 
didates should appear before a Board for 
VIVA-VOCE test in the field of his specia- 
Ij srtion.. ' 


Iv) The proicct ^-'or.t .should be on a problem 
existing in the Industries in that sone 
and that propnr correlation be establish'^d 
between the reseaich establishment and the 
industry. The a,ssignTnents given to the 
students must be different 

v)Fcr Ph.B,j the re.search topic be allotted 
in the first year, the scholar be asked 
to study the connected literature, carry out 
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preliminary work, prepare the report, and .get 
the clearance from the Frofesrcr before proce¬ 
eding further. 

Vi) Industries and construction organisations 
should afford facilities for performing spe¬ 
cialised experiments for vhich equipment do 
not exist at the teaching Institutions, 
vii) The candidate should report periodically to 
the faculty about the progress of his vork so 
that the results can be discussed and he can 
be guided on right lines, 

viil) Before award of a degree, an abstract of the 
thesis must be published so that a general 
criticism of tlie work could be hod before hand. 
Besides such scrutin/ will help to ensure that 
the work is of an original nature and is of 
practical value. 

ix) One copy of the thesis be sent to an Engineer 
engogod in design or construction vrork for 
evaluation and criticism of the research work 


from a practical point of view. 


,SSIOTM, EkPlkaSNCE.. There 


standing 


complaint raised by the Industries from more than one 
platform that the practical training given to the 
students in the Institutions an ! the skill acquired by 


them are far from satisfactory to meet their require 
ments. Some feel that the Cjvil Engineer should 
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(i) be taught the basic principles of planning, various 
methods of drawing up programmes, etc. (ii) be trained 
in work study, critical path programming, site admini¬ 
stration, costing, cost control, and labour relations 
(iii) be trained in operation, maintenance, and econo¬ 
mics of construction machinery (iv) be thorough with 
factory production of building components, their 
assembly, etc. Again some others hold the view that 
the non-achievement of plan targets is due to the un¬ 
suitability of our technical education and industrial 
troining. In certain countries industrial experience 
for teachers, meeting between technical teachers and 
their counterparts in Industry, and exchange of 
personnel between Industries and Universities are 
arranged. Cn the other hand due to the interest in 
sophisticated fields liKe nuclear energy and space 
exploitation, the curriculum in many foreign technical 
Institutions has gradually shifted a little away from 
preparing the students for eraploym.ent in the bread and 
butter segments of Industry, such as Engineering design, 
manufacturing processes and production supervision. 

There is no denying the fact that the rapid 
application of modern techniques in Industry depends 
upon men trained in those applications and this, in 
turn, gives rise to the need for a copious supply of 
j^lgh level training and research necessary for any 
appropriate target. H c’r; '.l''-.ic: l .:in I rcicn- 

I'n, '■•s;' 'or- bosr’ o" ''Ulti-'.'’ eultp 
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t e c.-'.'oli caI nnv'* 


c;'. "ilT t'r.v fjroUle 


oi' ■oif"'’" i''i•'•7 on t--:- bi'!? oi’ nu'b as 

(l) 'in ; bd rncf ’■'ocl'uiolo.: 3 r, aa^' viiJ Indu- 

rin . • ana-.erirnl ■rta.-iien a-'u social 


-■jcionca ?, 


Indusd'-ier ■'•'■ill 


Iv rcr.i(?n!bc 


Kn,r 3 inGs,;‘in., Inrl.t lui;;* on? have to rupy'Iy -hi^" rcrscnncl 
required in the various sectors and as such the pra¬ 
ctical training imparted can be only general and broad- 
based. No Engineering student ■would be able to 
acquire any semblance , of the specialised knowledge 
required in a particular Industry even if the dura¬ 
tion of his training is y.rolonged; nor do I consider 
it to be necessary. Each Industry has to devise its 
own training'programme to suit its specific needs - 
once it decides to recruit a particular category of 
Engineers. Ehe Engineering Institutions cannot com-• 
press in'the small compass of five years, basic fun- 
damentaLs of Engineering and pure science, specialised 
instructions in a’ particular, branch, and th.e vast and 
varied requirements of the innumerable ever-rexpanding 
•Industries in all fields-of Engineering and technology. 

CX)NCLN:SIONj I .am afraid I have exhausted; your 
patience by .startln.g. with .'The obD'oetives .of Engi¬ 
neering Education'.; and dealing with'a number- of 
subjects Iwhich you are ,surp>to discuss threadbare - 
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during this Summer School Programme. I shall not Oore 
you any more. I would like to conclude by quoting 
from Dr.R.G. Poison, President of Renissclear Institute 
"Engineers of to-morrow will be made obsolete by 
the facts discovered to-day, unless they make up their 
minds to be students all their life. The difference 
between the education that many Engineers experienced 
previously and the education that we are attempting 
to give to-day, is that when you went to College you 
were trained to be guides to take people over well- 
travelled paths, whereas to-day, we are trying to 
give people the necessary training so that they can 
become leaders in uncharted routes”. 

Finally, I wish to express my gratitude to the 
organisers of this Summer School Programme for having 
given me this opportunity to express my views on this 
subject which is of paramount importance for the deve¬ 
lopment of our Motherland at this critical juncture. 
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DisarssiON 

LB:0 V. TOTH.<3111'lE remarked that an able teacher 
.ehould put through hie points in the rieht sequence 
and plan his lectures taking the optithum timf for the 
topic of the day so a.s'to ensui’e the m^rimum recepti¬ 
vity of the class. According to him, a good teacher 
need not be a good research worker but there .was scope 
for a resiearch worker to be. a good teacher, 

V. C.KTTLiiNDAIS/AMY remarked that a good teacher 
with up-to-date knowledge in the field of his spe¬ 
ciality contribute s. as much to the society as a good 
research worker. Possession of knowledge is one 
thing, the ability to communicate knowledge is 
another. Capacity for good teaching should be recog¬ 
nised and encouraged. • 

Y.iilTANTHikNiiRAYii.FA said that the objectives of 
each course should be limited in number as warranted 
by practical considerations- and subject to practica¬ 
bility, He also suggested that efficient ways should 
be devised to measure objectively whether the goals 
set forth for each course have been achieved, to a 
reasonable ertent. 

C.T. .SRIRiJ€JLU would like the Industries to give 
encouragement to Engineering students by providing 
practical training for them and by alloting enough 
funds to the faculty to take up Industrial research. 

He remarked that each Faculty should issue periodical 
bulletins giving the full technical details of major. 
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engineering undertakings that imply latest and advan¬ 
ced engineering technique, Ma;jor projects should 
find a place either in class assessment or in the 
final test. He suggested provision of opportunities 
to the Engineering teachers to visit places and vork 
in their fields of specialisation periodically. 
According to him, frequent changes of subjects 
handled by the engineering teachers should be 
avoided. To have an idea of the efficiency of 
individual engineerin,;. teachers, he suggested that 
opinion may be obtained from the students through 
a secret ballot. 

S.'MivRA.YANA BEskT suggested that engineering 
education should be oriented towards producing good 
practical engineers capable of bringing the results 
of scientific discoveries into the use of common 
man, leaving basic research to the scientists. 

H. S,.tSHIVASi;7AI'C said that engineering institu¬ 
tions offering post-graduate courses, degree and 
diploma courses and the Industrial training insti¬ 
tutes that provide training facilities should turn 
out only such candidates who can readily be absorbed 
without any overlap in the nature of work expected 
of each type of candidate. He remarkea that engi¬ 
neering education should not imply study of toe 
many and sometimes irrelevant subjects. Regarding 
selection of engineering teachers, each candidate 
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should have an experience for a minimum period of three 
years and should undergo a regular teaching test with 
prior intimation before he gets selected. 

P. PUfraSHOTHiiLmN showed through a flow-chart that 
technical people in-charge of the execution of the 
objectives of technical education should participate 
in extra research or educational or public services 
activities in Engineering Institutions so as to 
complete the flow-chart making it self-generating, 
reversible and efficient. 


ENGIrlEERIMG 
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EroCiiTION 
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PLiiM'IING 
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He said that the paper clearly presented the obje¬ 
ctives of Engineering Education and that the question 
is whether wo can realise these objectives. He was 
of the opinion that this is possible only when, those 
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who arc in the exeaition sta^e, to-rday have facilities 
and leisure to improve themselves by participating in 
extra research or educational or public service activi¬ 
ties, so that when, they move to- the planning stage, 
they can efficiently improve the institution's activi¬ 
ties and increase the efficiency of the Engineering 
Ccllege s. 

GOWRISa?tkaH remarked that the Industries should 
refer their problems to engineering institutions for 
solution, lie suggested a bifurcation of the curricu- 
3_um for Mechanical Engineering undergraduates in tne 
Pinal Year in such a way as to give 

i) orientation towards pursuing higher and 
a d V a n c e d s t u d 1 e s, 

ii) orientation towards taking positions in 
industries in different capacities. 

S.,dAjA]-{itli'AF in his concluding remarks said 
that there already exists an informal evaluation of 
the teacher by the students. He did not favour the 
ballot method of assessing the work oi teachers. He 
tried it and gave it up after sometime. With the 
co-operation from Industries, the reverse flow 
suggested by Purust^othaman was possible. He also 
said that prescribing previous experience for engi¬ 
neering teachers was difficult in the context o.f 
dearth of engineering teachers. 



PRINCIPLES OF TEACHING xiND LE.i^ 
ENGirffiERING EUJC/iTIOrT 


;ning as applied to 


K.C. CHaCKO 


Me dear Colleagues, 

The very idea of discussing this subject at a 
Seminar of this nature, presupposes the existence of 
a general feeling of scepticism about the suitability 
or otherwise of the conventionally established 
principles of teaching and learning as applied to the 
field of Engineering Education# This must have resul¬ 
ted from reports arising from various quarters about 
the competence of the engineers trained during recent 
years in our country. Perhaps I should have stated 
incompetence, for it is seldom that \ye receive compli¬ 
ments for a good performance while it is quite often 
that vre are criticised fiercely for even small short¬ 
comings. If the end products, namely our engineer 
graduates are found, wanting, naturally the first 
place to look for its cause is in the process of their 
p.roduction - in the principles applied and their 
results obtained in the educational institutions. 

There mi.ght be a variety of causes, converging on 
this observed end result like, the choice of subjects 
taught, details of curriculum proposed, numbers in¬ 
volved etc., but these are all laid dovrn by expert 
high power committees which take into consideration 
the overall requirements of the country and so the 
failure, if any, it may be argued lies with greater 
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probability in the shortcomings in the final process,, 
namely, teaching and learning. It is, therefore, 
logical and worthwhile to analyse this question in 
detail and suggest remedies if the current applica¬ 
tions of the principles of teaching and learning or 
the very principles themselves are defective. 

My first reaction has been that the principles 
of education and learning we have' been applying in 
the field of technical education in .this country have 
not been at fault, at any rate not seriously at fault. 
Considering the immensity of the numbers involved, the 
limitations in the matter of facilities, equipments 
and personnel, the performance of technical education 
has been remarkably good. For a country like ours, 
vast and challenging in the magnitude and nature of 
the problems of construction, transportation, adap¬ 
tation, or accommodation, cf necessity there have 
been compromises. For the idealist or the visionary 
these cosiprotnises appeared as results of ignorance 
or wrong .judgement and largely so perhaps in non¬ 
technical minds and this raised the hue and cry of 
fall in standards in technical as well as general 
education together with a charge of unsuitability or 
a question mark on the appropriateness of the methods 
used. I am an optimist - perhaps more of a realist - 
but intent on making an effort, however, imperfect or 
inefficient it be to achieve results. I shall be more 
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clear and precise. I am one of those who believe that 
the tremendous growth in numbers in our technical jtnsti- 
tutions during the last few years is fully justified, 
in spite of the real serious shortages in the matter of 
training equipment, in accommodation, laboratory faci¬ 
lities and teachers. Mo doubt, I concede, with many 
of .you,, that in this feverish haste to supply the 
growing needs of technical per.sonriel in our developing 
nation, a few incompetent men have .also been turned 
out. ^Some who mi.ght occasionally make costly mistakes 
even. But, it is to our everlasting credit, that 
during the last ten, fifteeen years of our independence, 
we have p.roduced engineer,who are now at the head of 
many a flourishing concern of national value. These 
young men and occasionally women too, who were taught 
or trained by the older generation among us and who 
learned, the first lessions mostly under our guidance 
have done remarkably wells they have not been found 
wanting. The less qualified have not contributed to 
vital, irr.-'coverablG damages, while their share of 
building up mi'-ht not have been spectacular. But 
was it not better, that they put up a bad or inconve¬ 
nient road tnen that there was nobody to lay it at all. 

1 do not deny the current accusation, that tne 
engineer get.s buried in hl.s r.istakes and per.haps 
buries many more along with him and that therefore 
his mistakes are serious. My only consolation is 
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branches of the public service. I think even administra¬ 
tors are telling us that the structure of staff in tech¬ 
nical institutions should have industry orientations^ etc. 
that mana.gement training, psychology training, training 

in lav,- are all necessary ingredients of a technical 
training. They may all be required. Ti,,ey may all be good 
I am not questioning them. I only justifying the 
inference I have cited above that there is a general 
feeling of discontent with our end products of to-day and 
the public, including many of’us, think that the root 
cause of the malady lies in the application of the 
principles of teacl-ing and learning to engineering edu¬ 
cation. Solution seems to lie in appropriately modifying 
these principle's or applying nev principles.^ 

In attempting to prepare this talk, I read through 
the reports of the discussion on the same subject at the 
seminar held last year at Coimbatore. I believe those 
records are availoljle here and that some of you might 
have perused them. They deal with the methods nov in 

vogue and the advantages, limitations and improvements 
to them.. .lo doubt, over the generations the principles 
of teaching have not changeds they night not 'seriously 
change at any time. Incvledge possessed by a man is 
passed on in stage.s to a person vho knows less. It might 
be a direcu telling - the lecture method - it might be by a 



series of interrogation the question or discussion 
method - it might be by a demonstration of sketches, 
tools, operations - the audiovisual method. It might 
be by demanding from the students a suggestion for a 
way out In a given critical situation, the problem 
method - it might be by making him responsible to 
enquire, discuss, negotiate and finally arrange for 
the conduct and fulfilment cf a specified vork; the 
project method. We teachers use all these methods - 
accepted standard methods - of course with varying 
degrees of success depending upon individual compe¬ 
tence, individual effort, and the nature, extent, 
and efficiency of the teaching aids like charts, 
models, films, computers. I do not think that any¬ 
body, will deny that any of these techniques of 
teaching is either outmoded or inefficient or self- 
sufficient. A combination of all these will be the 
ideal for instruction. On an occasion like this 
when we Bngineering Teachers are assembled here may, 

I say in a spirit of introspection - x^e have to ask 
ourselves the question, have we all been giving off 
our best in applying these principles even to the 
best of our ability - to what extent has each indi¬ 
vidual teacher used these methods subject of Course 
to his resources - and to xvhat extent has each indi¬ 
vidual administrator cared to guide, supervise, 
control and supply the resource material to each teacher 
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Have we thus given cause for the public to feel that 
the 'system' need'- change? and a radical change at 
that? or is it that the change is needed in our appro¬ 
ach to the problem - the motivation in us - the prepa¬ 
ration we make - the anxiety wc have to 'educate' - 
the satisfaction or gratification we have in the real 
fulfilment of our mission. After all education is 
drawing forth' - not cre-'tlnv something in its ' 
entirety out of void. It is a commissioning of the 
latent energy in the human mechanism* It is a co¬ 
operative effort « it is a sharing - it is a building 
up of a social universe b/ tapping several power 
houses - several generators for a. harmonious whole. 

The students who come to you, come x/ith an open - 
sometimes a blank "nind but with an anxious, expe¬ 
ctant heart - they have come to you for guidance, 
for help, for instruction, for example, for ideals; in 
the very act of their coming to you, they demonstrate 
the hope that you w?ll enable them to 'live' - to 
'come up' and play their part in the community in which 
they are cast. They repose their absolute trust in 
your competence and willingness to play the role they 
expect of you. The success of teachers will be 
proportionate, to the extent they realise this most 
essential aspect of their profession. To one, who is 
fired by this sense of responsibllity - this sense of 



DiissiQii, in tiiGir life - all the tpchnlquss of teaching 
will be equally useful, aind where this sense is con¬ 
spicuously abr.;nt, any technique will be of questionable 
value* iifter all - all teaching is personaj. - an inter¬ 
action of mind on mind. Taere is therefore, the supple¬ 
mentary part of it lrjT.njng. '-^’here must be a responsive 
co-operation from the pupil. I: it voluntary,- or can 
it be induced? Ve have all heard the saying that we 
can only talse an snlmai to the stream with flowing 
waters, you can't make it drink; that the rood 
teacher teaches tne dull boy and the brilliant boy 
alike and that he cannot bless his disciple with a 
receptivity. These - rw There are varying 

degrees of receptivity and adaptability. In these 
days when 'student indiscipline' has become a subject 
matter for discussl.on the fact of its tvistence to 
some extent cannot be denied. And the question of 
preparedness for learning on the part of tiie student 
cannot be always prssuned. But they should be only 
treated as exceptions. i-iV'-n the preparedness, what 
can we the fccdchers - nd the planners do to improve 
the quantum of learning. Here again I am of the 
opinion that in the -iltiinate ana Iv sis, in is all n 
problem of human liehavlour. I think it was li-^^rbert 
Spencer who in his disssrtation on wlucation made 
one of these forthright appraisal of it. He says, 
that the Universal struggle In which the chief 
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energies of men are spent is to rise above his neighbour 
and be reverenced by him, With a slight modification, 

I am disposed to agree with this statement. Everybody 
is anxious to be reverenced by his neighbour, . In every 
walk-of life, each one in his plane, feels important 
and wants to be recognised, to be honoured. V/e have 
thus to regard cur wards as not an inferior class, 
just come to be 'taught' but come to be made 
•partners' in a co-operative enterprise. Life has to 
be understood as an overall whole in which our part 
as teachers is as important and valuable as their part 
in learning and the atmosphere of oneness - of trust - 
of love - of service - of solidarity should be 
created in them. Ihe teacher who goes to a class must 
be received by the class as a loving and loved partner. 
It is in developing and establishing such a relationr- 
ship between the teacher and the taught, that the 
success of all edTicational effort lies. This respect 
can come only if you are a. 'good' teacher, one who 
knows the subjects one, who is good at the subject. 

Any amount of 'other goodness’ on your part will 
be no substitute for your inconpotsnee in the subject. 
The first requisite in a good teacher is a thorough¬ 
ness In the subject he is going to, teach. You may 
be uncouth in. your appearance, faulty in your expres¬ 
sions, awkward in your mannerisms. The students may 
tolerate all these provided you have, a competence in 
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your subject and an overwhelming affection and sympathy 
In' your heart. Every efforc nrjst be made to improve 
all techniques, but I an assertin.^ almost dogmatically 
that if you know your subject very well and with a 
humility in your heart, you love your students, you will 
be a good teacher, . 

My concept of a good eayineering teacher, centres 
round a man who has been able cc observe and appreciate 
a fundamental unity in the T'roccsses of nature, I some¬ 
times think in terms of the f.-enor.s Laplace equation 
^ 0=0. You i'.now that it is applicable to siuch 

varied phenomenon as th' oenuing of beams, or the flow 
-of water, or the conduction of he.jt, or the propagation 
of electricity or celesti--'! mechanics or again the 
picture of the tensor or matrix of the stiffness of the 
members of a framed structure, as affecting its structu¬ 
ral behaviour. '-*’he engineering tesche" must be able to 
visualise, within himself that he is not rleallng with 
an isolated statement or formula, but that he is intro¬ 
ducing his were to s typical behaviour of a system of 
which he 1-3 a pirt. fie shour d start t-ilkin.- to the boys 
of a variety of problems, events, situations, or condi¬ 
tions of lui allied nature end try to impress upon them 
the existence cf an unique or commoj pattern in these 
cases and try to solve the problems one b^^ one, in many 
cases based on suggestions from the students themselves. 
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This in outline is the most dynamic, responsive, co¬ 
operative method of teaching and learning. Sketches, 
charts, models, other aids simulating conditions all 
are powerful aids which make the teaching more effective. 
My main emphasis, is that the teacher should make an 
earnest effort to group together observations from life 
of an allied natures graphically describe them to the 
students, elicit common factors in the events cited and 
help them to evolve a principle of action. This method 
will develop confidence and originality in the students. 

I agree that it is very difficult, especially when the 
numbers are large, ivnd still variations can be made of 
the method, with different numbers and different sub¬ 
ject: simple questions with a possible one word or one 
line answer should be framed and all students made to 
write down the answer. Different answers should be read 
out to the class and discussed before the correct 
answer is given. Unless the students write down wrong* 
answers, there will be no realization of their igno¬ 
rance and the desire to learn will not be stimulated. 

They will think hard to write down correct answers 
because they invariably long for the honour of being 
spotted as the knowing one in the group. These are, 
however, minor details. The good teacher who loves 
his students will be always on the alert to possess 
all modern aids to pass on knowledge - be such aids 
material based on psychological. 
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One great field for effective work is in creating 
proper attitudes and responses in the students in their 
attitude to learning. You could train anybody to be a 
good listners to be a great participator; to be a great 
co-operator. 

critic of the present state and system of engi¬ 
neering education must not forget that this nation is 
being compalled to crowd into a five year Engineering 
course, a knowledge of the subject from its fundamentals 
to the latest techniques. The fundamentals cannot be 
presumed, cannot be belittled, cannot be reiuced. The 
developments have been so vast that they cannot also be 
condensed, nor adequately covered. Necessarily, there¬ 
fore, till such time, as our homes, the countryside and 
public places have advanced technologically sufficiently 
that fundamentals of engineering knowledge become common 
place, the system of our engineering education cannot 
change substantially. The country cannot afford the 
luxury of a more leisurely or long drav/n education to 
cover more of the developments. Practical training and 
apprenticeship must continue to fill up normal deficien¬ 
cies in the product. At the higher levels of Engineering 
Education, it is not the skill of a mechanic, a ready 
made repair expert or fabricator that is needed, but it 
is of one who can gauge a situation and face it intelli¬ 
gently and profitably in the interests of humanity. It is 
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not desirable to increase the extent of mechanisation in 
education or psychiatric incursions into it, like making 
a recording machine repeat a formulae from under the 
pillow of a sleeping student, to imprint upon his memory 
unintelligently through, a difficult formulae. The indi¬ 
viduality, the free will, the right to choose and act 
these are equally important as the blessings of progress 
in the material plane. Any system of education, method, 
or technique shall not compromise on it. Every technique 
will pay, when there is basic intrinsic sincerity on the 
part of those who apply the technique and on those on 
whom these techniques are applied, slncereity is 

the product of all the influences generally connoted by 
the term civilization. 
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DISCUSSION I 


K.M.biiiiiiUDDlN ptated that intclllgant students are 
admitted to Lngintxring Colleges. He asked why many fail? 
He attributed the cause to the defective teaching methods 
He felt that if the methods of teaching are reoriented in 
accordance with the needs of the present days, it would 
help the students. 

LEO 'i.hOTHSTIIME said that the teacher should be 
dynamic The students must not be allowed to rest with 
having understood but must be made to generate ideas. 

Md. SUIAIi-tiN said that the teacher raust ratline his 
lectures before Land. The co-operation of the scudenes 
is also necessarv for the success of the teachers. 

He asked, when t) student has learnt all hi.s sub¬ 
jects in P-U.C, in the state language, how best can he 
be taught in the Htigineerlng College in English. 


S. SA.d!vxi.il(iLIIIGii,',' said that before start of a lecture 
there must be meeting of minds. For this he wanted tfe^e 
students to be questioned to -cnoxj whether he has under¬ 
stood che previous lectures. The feeling among some 
student'- uhat they will be thought low of by the co- 
students if they raise doubts, must be removed. 

E. 0, mid that if the teacher can 

impress on and rao'civate ohe t3U6ht, success is achieved. 
He cited tns ej ample of Hamakrishna and V'ivekananda. _He 
felt that a. good teacher must be n good student nimself. 
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T.R. I\iii.TESAN said that teaching methods must be so 
arranged that it will be useful for .the intelligent as 
well as the below average -and that the fear in the minds 
of the students must be got rid of. 

A. S. R^U suggested that there may be an Advisory 
Board set up to review the activities of the students in 
High Schools to see whether they couid be dive.rted to 
Engineering or Medical or any other Professional line. He 
said that stress on fundamentals is cssenti.al and the 
syllabus should be oriented zo that end. 

In his reply K.C, CliAQCKO asked why there is a 
wastage by failn.^t s in th(' Institutions. Accor’ding to 
him, increased strength is one reason. He wa.s of the 
opinion that judging of the teacher by the end products 
in the present day content is wrong. Teaching to a l.^rge 
number in a limit^wi time, a written cut syllabus without 
much contact with the ,'d:udent'=’ cannot piciucc good "esuits.. 
But he ju.stified it since thev arc cettring to the present 
needs of tiie country . 

He s-aii tha.- it is difficult, to make the student . 
realise’ the unity in apparently, different phenomena. But 
accbrdin.g to him the teacher in his mature state of mind, 
cah perceive- the eyistan-ce of an universal law intercon¬ 
necting many phenomena found in the various subjects. 

He felt that students are dishonest partly due to 
the low standard set by the parents and that they must 
inculcate the sense cf honesty in the homes. 





THE PRINCIPLES CP TEi'kCHING AND LILIRNI?tg jfT EDUCATION 
aCTH 


INTRODITCIION i It must be myde pisin from the start that 
this lecture is delivered by n plain teacher from a teacher’ 
point of viewj Education must be the easiest subject in 
the world to talk about and theorise on. Teaching and 
learning are practical activities and so theory, if it 
is to have any value, must be tied down to xirhat is feasi¬ 
ble in the class room. 'Consequently, all I propose to do 
in this lecture is to raise one or two points, a few 
loosely related themes, which have occurred to me when 
working as a teacher. 


P 

Allis CF F.NGIN5>:RI!'JC- EDCJCiiTIOd 
brass tacks and ask ourselves 
engineor-ind education. The a 
reasonably well-defined. It 


A. H T I 
let 

what is 
n ssatc r i s 

i 3 t C tUi 


US gst right down to 
i:he prupose of an 
■'j'sry ;i?.mple and 
cln p--’oplfc <^o that 


they are competent to do c« rtain jobs in Indust:ry and 
Government services. There is a notable distinction here 
between engineering degrees and more academic subjects. 
What is the purpose of a degree in Ccience? Is it to 


train a man to be n “Scientist? I ioubt it, I doubt 
very much whether college lecturers ask themselves, 

’’Will what I am saying train these people to be 
Scientists?” On bhe contrary, as a rule, he is occupied 
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with communicating accepted scientific principles. This 
is important, he teaches science, he dees not train 
Scientists, Whether or not this is the best approach 
does not concern us tD-day. Aeademlc first degrees are 
part of general education. 

The Engineering College lectuier has a vastly dif¬ 
ferent task. His aim is (say) to train his pupils to 
become working Civil Engineers, able to design, direct 
and supervise the construction of a dam. And he has to 
teach sufficient theory to last a lifetime of practical 
applications, for his students vrill gain no further 
opportunities for learning theory. This aim, may sound 
ambitious, but at least we have a clear idea of what it 
is, and that is unusual in education. 

Incidentally, you must not assume frorr this any 
derogation of the role of general studies in a.a engine¬ 
ering course. However, their is sub-ordinate to, 
and supporting tjie objective of, csesting engineers. 

To sum up, the principle of teaching in engineerilig 
education is to teach the students whet t?jey need to 
understand and know for the i'ob they are .;-oing to do. 

The principle of learning is to understand and learn it. 

Pinning my thesis doxTO new, I have to answer the 
question 'How can you carry out such a programme?' 

Teaching a man the history of India is one thing,teaching 
him how to design and construct a dam whose purpose he has 
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ncVcr thought of* in a place he hasn't seen is quite 
another. And there are only four years in which to 
train him* 

A first simple requirement seems to be careful 
design of the curriculum and its steady revision in the 
light of Industrie s' need. 

ILLUSTRATION; PARTIivL FRACTIONS; Let me draw an Illu¬ 
stration from my own experience teaching mathematics to 
engineers. In practically all syllabuses above the ele¬ 
mentary, Pratial Fractions as a technique for Integration 
is taught. To learn the subject thoroughly tcokes about 
four hours lecture and double that tutorial or home work* 

I have taught it many times and wondered why. When will 
an engineer use partial fractions? After thinking long 
and hard about this I came to the conclusion never, or 
at best hardly ever-. The reason is. simple enough. The 
integrals of this type which one has to perform in 
practice, generally have a quadratic denominator and so 
are more tidily integrated using inverse tangent or 5-n- 
verse hyperbolic tangent functions. One can add a fur¬ 
ther reason that engineers seldom have occasion to appro¬ 
ximate more closely than the second -('o^-’er arid that is why 
the most complicated polynominal is quadratic. 

As a matter of fact ns an engineer I have on only 
one occasion met a use of partial f.rncticns. It occur¬ 
red in a rather complicated investigation oa the economics 
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of oil firing blast furnaces. The integral was 

dx 

1-x^ 

A colleague of mine found that it cane up in the solution 
of one of his problems. However, he was a physicist, had 
not done any serious mathematics for seven years or so,he 
had almost forgotten how to integrate. So he went to a 
friend in the office next door. The friend said 'Oh-e'r- 
use.partial fractions - kind of split it up you know' . 
We-ll,the friend could not actually show him how to do it, 
so my colleague wandered from office to office either 
meeting a blank or at best a few vague remarks until he 
came to a mathematician. The mathematician jusc glanced 
at it, split it up in his head, and said; 'VJell, the 
answer must be? 

1 1 

7- arctan x + log-+ a constan'i^ 

2 4 ® l_x 

So you see in the very unlikely event of an engineer 
meeting with a partial fractions problem he can telephone 

a mathematician and get the answer in five minutes. Hven 

/ 

If there.are not any mathematicians around I am certain 
he could go to the library, get a book, and work out the 
answer for himself in less than twelve hours (the time it 
takes to learn all about partial fractions). 

It could be argued,,of course, that from a general 
educational point: of view partial fractions are on 
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inevitable part of mathematical development. However, as 
practical engineers I feel we must approach with, deepest 
suspicion any argument 'from a general point of view’.And' 
as a mathematician I know that ’partial fractions' is an 
unimportant little technique I have hardly ever had occa¬ 
sion to use. We can go further and say that for the mathe¬ 
matical education of an engineer the student would be far 
better getting to grips with the importance and applications 
of Fourier iinalysis and Laplace Transforms, or .even 
gaining some idea of the shape of Bessel functions. 

I have laboured this point for the sake of illu¬ 
stration, I am not running a campaign against teaching 
partial fractions but showing rather that one little 
point in the curriculum may not stand upto close examina¬ 
tion. There must be many, many others. 

CQRRICDLUM FORMATION BY FEEDBAQls However, I am not 
gugggsting that we can glance through a curriculum and 
judge from our own knowledge what is wortii teaching and 
what isn’t, just by thinking about it. How are we to 
judge then? Since we are contending that engineering 
education is to train men to be engineers in industry, 
that is where the answer must come. This is the main 
point at which feedback from industry is essential. 

It can be pictured os a serai-closed loop thus (Fig.l). 

Just how this feedback can come about is a question for 
the country concerned, its industrial and professional 
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mores. One thing is clear. You cannot j'ust 'ask indu¬ 
stry' . There is no particular thing to ask. But in 
practice it seems almost self-evident that the most use¬ 
ful feedback can come from working engineers. They and 
they alone really know what part of their training proved 
useful and what did not, and what problems they have met, 
for which, their training left them unprepared, 
ILLUSTRATION : TECHNICxiL EDUCATION IN BRITAIN; Technical 
education in Britain set down its roots in the 1840s, at 


the same time as Engineering College, Guindy, More or 
less at the same time universities began courses in B.Sc. 
(Engineering) and the Royal Society of Arts started what 
we would now call craft and technician training. These 
two activities grew slowly, the technician training 
grouping to higher standards, until in the tv/enties, 
thirties, and after the second world war they really 
began to flower. Industry was becoming technologically 
based. The technical colleges rose to provide the trai¬ 
ning for'the men needed. To simplify the picture x^e 
shall confine ourselves to 'first degree' level work. 

(To complete the parallel a British First Degree is 
roughly equivalent to an Indian Second Degree^. 

The present position is that there are t.jo diffe¬ 


rent kinds of degrees provided by tx ^'0 different kinds 
of ■ Institutions, neither of them like, an Engineering 
College, Universities grant the B.Sc.(Engg.) and 


Colleges of .Advanced Tectinology, the B.Tech. 
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Universities In Britain are much the same as Universities 
anywhere. A College of Advanced Tectoology on the other 
hand provides an extremely wide variety of the more advanced 
Technological Courses, various diploma and membership 
courses, engages in a certain amount of research, but above 
all is practically based. One of the interesting things 
about the two qualifications is that for getting a j‘ob a 
B.Tech. is extremely useful whereas B.Sc.CEngg.) is worth 
very little even though it is far more advanced academically. 
The reason for this is really the main point of this passage 
in my talk* 

Almost every profession has its o^'^n Institute. These 
institutes are really guilds for maintaining the standards 
of the profession concerned. In order to become a fully 
fledged professional you have to be a member or associate 
of your professional institute. The result of this is that 
all professional courses and examinations have to be 
designed and revised in consultation with the appropriate 
institute. What is more., the institute has the final word, 
for, if it refused to recognise a qualification, then that 
qualification is almost valueless. The Institutes in turn 
are composed of members and associates electing their own 
committees and office holders. This is where the feedback 
operates. Practicing engineers are the best people to 
know what this training should provide, and they can make 
sure it is provided. 
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You may recall I said that a B.Sc,(Eugg,) is not a 
very useful qualification as it stands. This is true;but 
after two years or so, of industrial experience the B.Sc, 
(Engg.) can gain his associate ship without further examina¬ 
tion, This brings out two points. First, the institutes 
insist on a measure of practical attainment:. Second, the 
B.Sc. course itself must be approved by the institute as 
a theoretical training. 

An interesting side line to consider is that B.Sc.-s 
have always been a minority of engineers and not she elite 
of the profession, more the specialists and researchers. 

The vast bulk of (for example) mechanical engineers get 
their basic AMI Mech E qualification through their . own 
studies, correspondence courses, night school and indu¬ 
strial attainment. The effect of this is that vou have a 
practically based profession controlling the B.Sc,. and 
B.Tech. courses, yet tappin.g the extra dimensions uhicl 
the more academic sources provide. The system works thus 
(Fig.2.) 

I have painted a very glowing picture and of cnur.ee 
I must qualify it. No system involving human beings works 
as well in practice as it should on paper. The insritutes 
also have the normal weaknesses of semi-democratic institu¬ 
tions. But, still they -are basically soutxi. The -.eed.’ of 
the profession are frequently up-dared and if anything 
goes seriously wrong there is a mechanism for the p’^cfes- 
sion to do something about it and it provides a channel 
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for ideas and a body for consultation. 

Incidentally, all British mathematics for engineering 
courses I have met, teach partial fractionsc 

That then Is my first theme, that a professional 
training should be supported by the profession itself and 
based on practical achievement, otherwise Jt is very likely 
to wander from the needs of the profession. I have descri¬ 
bed how this works in Britain. Other countries have other 
approaches; it is a question of the structure of the coun¬ 
try concerned. Bub as an engineer I am bound to advocate 
an automatic feedback mechanism. Heading books and 
thinking about is not likely to provide the correct 
adj'ustment, 

PART II 


My second theme concerns the practice of teaching 
a'nd is not really confined to engineering. 

OPM-EI^DE.D TEACHING AND BEARING; We rrc all suffering 
the effects of an attitude of mind which has its roots in 
Western Europe before the Kefcrmatii-n. This is. tc regard 
teaching -as imparting a Imown and certain body of Knowledge. 
I do not think this should be done in any subject. The 
most important part of learning, <^arely, is realising what 
you don't knoTj and what is not known. Such a view can be 
justified in purely educational terms as a training for 
leading a full and useful life. However, when you move 
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across to sciences whose very nature is discovery, or to 
engineering, a problem-solving and creative activity, the 
open-ended approach to teaching becomes not just desirable, 
but essential to do the job. 

You may recall that early in this talk I said that 
one of the aims of engineering education 'is to provide 
sufficient theory for a lifetime of possible applications.* 
On the face of this is impossible for two rather obvious 
reasons. The first is that in four years of pure theory 
teaching one could not impart the knowledge necessary for 
coping with all conceivable situations let alone the incon¬ 
ceivable, the ones you hadn't thought of. There are just 
too many possibilities. The second reason is that theory 
itself is changing with time. In twenty years, your 
students will almost certainly be using different techni¬ 
ques for solving problems from those they use rt the moment. 
To cope, therefore, it appears necessary that the teaching 
of engineering theory should be directed more at enabling 


you to learn what you will need to know tnan just impar¬ 
ting facts which might be useful. 

Now, to get down to the classroom level, what does 
this amount to? It sounds simple enough, the tr.sic 
factor irj the attitutde of the teacher him seif. I often 
get letters in from people asking ’to get acauainted with 
the most modern techniques is science teacninr.’ The real 
answer (though I am never impertinent enough!: to give it) 
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is that competent teaching is not really a matter of tech¬ 
nique, Simple chalk and talk can be dull or amusing, 
soporific or inspiring, but if at every point we convey to 
our students that air we are describing is the present state 
of the art and a limited part at that, we have taken a first 
step in the right direction. 

bet me illustrate. Suppose we ore teaching oscilla¬ 
ting circuits, '^hen we must say that what we teach is a 
good solid method for a median range of frequencies but 
that for very high and low frequencies there are much 
better methods. We must add the hope that in the future 
better methods using fewer components will be developed. 
Furthermore, on deriving the formula for impedance we must 
point out all the simplifying assumptions we hove made and 
stress that the formula is only an approximation- At the 
end 01 such a lecture we ore duty bound to provide a 
reading list for those who want to exnlore more detail. 

Only a few of the best students will be seen in the 
library exploring the subject. But in later life, on the 
job, time after time the engineer meets a situation which 
his training doesn't quite fit, yet if he can skim through 
his notes ond find what book he ought to look at, then 
his problem is almost solved. Indeed it is my contention 
that if we teach our students just to use library cata¬ 
logues and the indexes of books we have gone most of the 


way. 
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That is sufficient, duty done as a lecturer. But to 
be good teachers we cannot content ourselves with Just 
telling the students their subject is open-ended. Wo must 
make them actually experience discovery for themselves. 

The extent to which this can be done has to be calculated 
carefully. Taking the doctrine to its logical extreme, at 
the beginning of a course in mechanics should we present 
the studnets with two billiard balls each and tell them to 
go and discover Newton's Three Laws of Motion? Of course 
not, none would succeed (cr perhaps a genius would discover 
Einstein’s Law instead and confound his teachers). The 
basic steps of almost any subject require a profound in¬ 
sight, given to only a few. 

ILLUSTRATION: NEWTON’8 FIRST LAW: Even sc at a simpli¬ 

fied level we can go part of the way. For example in 
teaching Newton's First W, put a block of rrood on the 
bench and give it a push. ’Why does it stop?' These 
days you are bound to get the ansvjer ’Fpicticu' , jvsk, 

'What if there were no friction, what would happen then?' 
You can see that adding a few questions about direction 
New ton's first law can be drawn out of the class in a 
few minutes. Strictly speaking this approach is illogi¬ 
cal, We all know that the concept of friction really 
follows the assumption of Newton’s first law.. But, never¬ 
theless the student will have got the message. Historical 
corrections can follow later. 
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ILLUSTEMION : WAVEOTirES: That perhaps was an over- 

simple example which everyone knows. To illustrate how 
the approach extends, let me suggest how a really difficult 
subject-waveguides - can be taught. 

Naturallyj you all recall that a wavorJide is a tube 
of carefully chosen dimensions down x\rbich an electromagnetic 
wave of high intensity can be conveyed with hardly any 
attenuation. Thus boldly presented, the idea seems 
utterly ridiculous and implausible^ One cannot imagine 
how or why it should work, and the change in transmission 
line concepts from a couple of wires of carefully chosen 
length to a' rectangular tube of certain dimensions is, to 
say the least, odd. 

One way of teaching it, and a good way for an engi¬ 
neering course, is to adopt the 'problem solving' approach. 

As you know, one of the most important technical 
problems in radar is to preserve the saunre shape of the 

wave you are transmitting, thus__ r'] _"LJ"'- 

it is not too difficult to generate a good square, wave, 
and once transmitted from the aerial, the wave doesn't 
lose its shape much. However, in getting the wave from 
the square-wave-generator to the aerial; conventional 


transmission lines attenuate the components of the square 


wave so that what set out like 


1_I 


finishes up like —i 




You also have good many other problems. A transmission 

line at ultra high frequencies will itself transmit and 
interfere with the transmission from the aerial (Fig,3), 












f\ex- 7 
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So you have a typical problem, 'How can you get 
0 Wave from the square wave generator to the aerial with¬ 
out having interference problems and serious attenuation?' 
If this question is put, it is easy enough to get the 
answer 'Make the transmission line as short as possible.' 
And you have Fig.4. 

However, this happy state of affairs is seldom 
possible because a square wave generator is a bulky 
affair, radar serials have to be set on high towers, and 
as any structural engineer will recognise (Fig.5). 

So what to do? 

Take up the idea of having a transmission line as 
short as possible (Fig,6), 

Suppose you had no transmission line at all, and 
you just transmitted square waves from the end of the ge¬ 
nerator. Well, some would get to the aerial and be tran¬ 
smitted, but firstly the interference would make effective 
transmission impossible, and secondly the power of the 
wave is reduced according to the inverse square law. 

Deal with the first problem first, 'How can you cut 
out all the waves except those which go to the serial?' 

The answer to this is very simple. Metal is opaque to 
ultra high frequencies, so if you enclose the transmis¬ 
sion within a tube you should cut out most of the un¬ 
wonted radiation, thus (Fig.?) 

Next the power loss problem. This raises the 
question 'what is happening to the power which is not 
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beiilg transmitted at random as before?’ Answer is well 
known and obvious, 'There are currents on the inside of 
the tube, the tube will get hot’. (Fig.8)* 

From here it is an easy step to suggest these 
currents can be used to reinforce the wave in the tube 
by choosing the dimensions properly so the currents cancel 
each other, and so you have wave guides. 

I am not suggesting that tnis is a model way of 
teaching wave-guides; it is no more than an Indication 
that difficult concepts can be taught in the spirit of 
engineering, a problem-solving creative activity. 

DISOJSSION; 

’V’,C.KULiiUDAlSWAI'lY said that a subject can be covered 
either by sector method or by concentric method. The 
speaker illustrated the methods- with respect to hydraulics. 
He sold that fundamentals of hydrostatics must be given 
^ust enough to moke the student understand free surface 
flow and the closed conduit flow. Then measurements mus‘1 
be taken up,; He pointed out that on the contrary at pre¬ 
sent, after covering hydrostatics completely, measure¬ 
ments are token up without giving the necessary concepts 
of liquids in motion. It is because we follow the sector 
method. The concentric method will be desirable :’,.n a 
number of cases. A student should get first an idea of 
the scope of the subject and the chapters should be 
covered in small steps. He suggested that the subjects 
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must be taught In proper perspective with proper explana¬ 
tions for all assumptions. He felt that the philosophy 
underlying each subject must be well brought out. 

NOTHSTINE suggested that the teachers should 
cover the subjects properly without gaps. 



PLANNING and ORGANIZATION OF INSTRUCTION 
A,L. KRISHNAN 

An extract of the speech is given below: 

A.L. KRISHNAN said that different professional in¬ 
structions need different organisations. He cited the 
example of ArtSj when the students may be grouped and put 
under tutors to do certain amount of reading by themselves 
within a prescribed time limit, whereas in engineering, 
however, a special organisation is needed under an engi¬ 
neering expert as the Director of Technical Education. 
Beyond the five or eight hours of work in the college,the 
students should be watched as to how he spent his time 
and his energy during the rest of the period. In this 
context, he felt that residential universities are the 
best. The third aspect of organisation was the ability 
of the Institution to stand by itself in teaching certain 
courses without a syllabus drawn by external source. He 
said that this would help the teachers to build up origi¬ 
nality and individuality of their own. 

Turning to Planning he felt that in our country we 
have too large a number of students in any one class room. 
Smaller number would be conducive to discipline and that 
this would help the teacher questioning the students and 
vice-versa. He also suggested that the students could 
be asked to prepare the lessons early and one of the 
students could even be asked to lecture. This would 
help the teacher to know the difficulties of the students 
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arid in some cases he would make himself understood better 
than the teacher^ The parent should be informed about the 
progress of the student. He felt that a sense of satis¬ 
faction must be created in the student and that he must 
feel better about the work that he had done and achieved^ 
The teacher has a variety of students to deal withJ the 
'ifttelligerit, the less intelligent and the dull. The 
teacher must devise his own methods to deal with these 
two or three . categories. According to him the institu¬ 
tion ©f fines, threats etc. and creating a sense of fear 
In the minds of the students would not be an advantage. 

He urged that the students must be Won over by love and 
affection. 

Talking about the e xarainations,..he said that a 

I 

question paper could be in two parts. One, part must con- 
faih questiorisfor the average student so that he could 
pass- ea.;siiy ,tf he had, been regular and the other part 
might be for the “intelligent.' He wanted the same attl-i- 
tude to be adopted for- marking also, liberal for the' 
first part' and niggardly for the second. ; He said, that, 
the teacher should be free of slovenliness; of riny form. 

He ^was of the'opinion that then only he could vitalise 
the students and impress them. 
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DISOJSSION; 

S, NikilkYAi^A BHiiT felt that our Engineering course 
was not well integrated though they talked a lot about 
integration. He urged that specialisation should be only 
.in the graduate- level. He wanted the frbming of the time¬ 
table to be properly done so that heavy subjects could be 
taught during morning hours. 

R. P, ARTHUR wanted time to be spent in the prepara¬ 
tion of time table so that heavy subjects could be in the 
fore-noon. H© suggested that the .students- should be 
seated within the class properly sb that they could have 

a full view of them. ' He was of the opinion that a proper 
book must be selected so that student himself could 
follow with a little help. He urged that a lecturer must 
prepare his own notes and the students should be compelled 
to take notes. Some classes may be arranged for- students 
to prepare on certain topics and delivering the lectures 
themselves. These classes would help to remove the 
fears of students to ask questions in regular classes. 

He felt that there should be objectives at all levels 
and that this would prevent a lot of wastage now pre¬ 
vailing in Engineering Colleges. 

S. RaMA GOWDA said that it is impossible to cover 
the syllabus completely. He wanted free exchange of 
Ideas between the students and the teacher. 
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C.T. SREE RAI^IULU said that a text book must be pre¬ 
scribed and reference books must also be given. 

Y. A.W'ITANARaYiU'IA wanted the lecture plan to be 
prepared first. 

S. SANKAikllNGaM suggested that students should be 
known intimately by name. jd not by numbers. He wanted 
them to be encouraged to work by themselves. To make them 
think for themselves he said that certain data in problem 
could be omitted. ■ He wanted the syllabus to be covered 
in an orderly way. 

Summing up A.L. KRISHNiiH said that the question of 
slowing down at the beginning and crowding at the end of 
the year should not occur, and the same rate should be 
maintained from the beginning to the end. He felt that 
if the teacher could impart instruction properly, the 
students would have a lasting respect for the teacher. 
According to him all details regarding conduct of 
classes should be left entirely to the teacher. 





PLANNING AND ORGANIZATION OF INSTRUCTION 
CHANDRAN nEVANES;i»N 

The following is an extract of the speech: 

Regarding planning, the speaker said that the Cafe¬ 
teria and the Auditorium are the results of good planning. 
So also he felt each institution and each individual must 
be permitted to plan. According to him the establishment 
of a planning and public relations office in every insti¬ 
tution will help in many ways. As in Britain, in India 
also^ he wanted the public and the state to take a good 
amount of interest in higher education. He urged that 
the people in the Institution - the various faculties - 
must have the autonomy to plan freely. He was of the 
opinion that educational research is necessary for 
proper planning within the institution and that a 
willingness to criticise our own institution is essential. 
He wanted our achievements to be analysed and our progress 
to be examined and that self-examination to be made at alTl 
levels* He suggested that all members of staff must 
think of the progress of the institution in different 
directions and that they must plan on proper staff 
structure, iiccording to him in Christian College there 
were four different categories: 

i) Research Staff 

ii) Teaching Staff 

iii) Administrative Staff 

iv) Students' advisory and counselling staff. 
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Therjj taking up the ^question of or^^anisation he 
wanted to know who should be responsible for the content 
of the Instructions. He said that colleges must be given 
freedom to form the syllabi and the freedom to examine 
the students. He felt that this may not be possible in 
India now; But yet, he was of the opinion that the 
University could set up expert committees, to whom the 
Cqlleges can submit their syllabi and upon examination, 
the University could recognise the colleges for certain 
courses. Certain amount of autonomy, variety, freedom 
to choose and to act must be given to Colleges. He said 
that the University Grant Commission had backed this 
suggestion. 

He felt that the set up of departments in various 
colleges, a legiOcy oi the British rule, i^as not very good, 
since the subordinate staff of each dropartment have no 
freedom‘to express their- own views. He felt that this 
needs reorganisation for the institution lo be dynamic. 

He suggested that a courso of jjsychology for young 
teachers would be good. He wonted the seniors to discuss 
new teaching methods with the new entrants as this would 
help to develop the yo/ung teacher, lie felt that he must 
be helped to organise, prepare and plan his lectures. 

If the students were to be made to exercise their 
maximum effort in learning, education must be a dialogue 
and not a monologue and the student must be made to feel 
free to ask questions. 
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DlSOJSSiON; 

S.T. NaGaRAJA said that os conditions prevailing in 
India are far different from that in foreign countries,it 
might not be good to transfer the power from the Universi¬ 
ty to the Colleges. 

M* NALLUSAIiY said that it was better to teach a 
portion or a part thoroughly than a lot in a superficial 
way. There must be a sequence in presentation. In teaching 
he said that it is better to proceed from known to the un¬ 
known* He said that teachers should bear in mind that in 
a classj greater percentage are attentive only during first 
15 or 20 minutes. 

P. PURU.SHOTHAI!iirJ warned that planning without exe¬ 
cution in a limited or allotted time would be useless. 

H.S. SHIViiSiiMY said that if the educational system 
was decentralised and more autonomy given to the colleges, 
the conditions would improve even though there might be 
abuses to start with. He also felt that this would help 
the maintenance of discipline among the students. 

N. JOSEPH wanted, after introduction of the subject 
in every class, the students to be questioned and answers 
elicited. He said that this would be conducive to better 
discipline. 

T.S. VErUvATRAMAMAH said that a teacher must be well 
versed in his subject. He wanted them to think of their 
bad teachers and avoid the bad points noticed in them. 
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Syllabus drawn by individuals or colleges themselves might 
not be better than the syllabus framed by the University, 
as they were also framed with the best intentions. There 
should be sincerity on the part of students as well as the 
teacher* 

Summing up CHANDR4N DE\/ANESrlN said that teachers must 
remember that they were also young once. He wanted a stern 
face in the class to be avoided and a sense of humour to be 
maintained. He also wanted audio-visual equipment to be 
freely used. 

Universities should continue to supervise. But, 
framing of syllabus and conduct of examinations would be 
better left to the individual institutions and he sugge¬ 
sted that conducting convocations in the various colleges 
would be more meaningful and a greater human relation 
would be built. University must act as a wiser parent 
giving more freedom.to its colleges. 

To be a successful teacher, he wanted the teacher to 
i) Do what they wanted their students to do 
ii) Understand the youn.ger generation and be ready 
to learn from them 

Hi) Remember their own teachers and try to emulate 
or better the good ones they had 
iv) Get students also interested in their problems 
even though they might be personal 
v) Get interested in the troubles of the colleagues 
and -understand their worries and problems. 





DEVELOPMENT OF ORIGINALITY AND-RESOURCEFULNESS 
K. SREENIVAStLN 

I am grateful to the organisers of this Summer 
School and to Mr. Muthian for asking me to give a brief 
talk this morning; I hope that what I may say will be 
in keeping with the objects for which the School has been 
organised and with its programme of studies. 

In Western Europe and North America, the summer is 
the best part of the year when the sun is welcome and 
nature is at her best. It is the period of the long vaca¬ 
tion for educational institutions when students and teachers 
go on their annual holidays. The summer School, therefore, 
offers the teachers a welcome opportunity to travel, to meet 
their professional colleagues from other institutions and to 
combine professional activities with social functions in 
suitable proportions. 

THE COOLER PaRT OF THE YEiiR PREFERABLE; 

But summer in India is the worst and the cruellest 
part of the year when one can hardly be expected to be at 
his best either in physical activity or in intellectual 
effort. If we should derive the greatest possible benefit 
from these conferences and group- discussions, the most 
suitable time would be between November and February. 

If, however, these must be held in the summer months, a 
hill station will be a suitable venue as people can work 
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efficiently free from the discomfort of the sultry weather. 
The aims of the school wilt be better fulfilled. The hill 
station also stands to gain in having scientists and engi¬ 
neers from different parts of the country who will take to 

it a few weeks of intellectual activity - a big change in 
their normal life, 

M4TTERS RELATING TO ENGINEERING EDCJCATIONi 

4 great deal has been and is being said and written 
on engineering education in every part of the world after 
the Second World War and as a consequence of it. Many books 
and periodicals have been and are being published on the 
subject, specially in Europe and North America. Your dis¬ 
cussions during the last four days since this Summer School 
was inaugurated on 21st June, will have covered the subject 
exhaustively. So, there is nothing in what I shall say 
that you do not already know well. 

These discussions in the press and on the platform 
deal with the various aspects of undergraduate and post¬ 
graduate engineering education and research - the advances 
that are constantly being made in the different branches 
of engineering; the changing requirements of the country 
and the community; the age and the educational stage at 
which a student should start on his engineering education; 
the durations of the undergraduate and the postgraduate 
courses; the nature and the content of the syllabus taking 
into account the advances in the field and the needs of 
the country; the place and the proportion of the 'pure' 
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sciences in relation to the engineering subjects? the 
relative emphasis as between the general engineering sub¬ 
jects and the subjects of specialisation? the apportion¬ 
ment of the -working week to lectures, laboratory exercises, 
project work etc, the nature and the duration of the pra¬ 
ctical training? and most important cf all the creation 
and the maintenance of a high levex of research activity 
and the atmosphere cf research, 

THE IDEilLS AND OBJECTIVEf OF ENGINEERING EDQCATIONs 

These are, in the main, no different from the aims 
and objectives of any other type of education - to make 
the student a person of high character and integrity? to 
develop in him a high sense of duty and responsibility to 
his country and to his fellowmen? to stir his imagination 
and bring out his latent originality and creative ability? 
to foster mental alertness, a broad and objective outlook 
and the capacity for bold and independent thinking and 
•working on his own? to assist him to acquire a good und^- 
standing and knowledge and experience in those branches of 
engineering for which he has the necessary aptitude, and 
which will enable him to earn his livelihood in some form 
of service to the country and the communit:/. 

Equally necessary are courage and reSvourcefulness 
In meeting new situations and unexpected difficulties, 
the habit of sustained hard work; the ability to get on 
smoothly'with people cf diverse types and the ability 
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to e^cpress himself in writing and speech in clear and 
direct language,- 

In addition to these which are common to- every type 
of education, the education of ^the‘scientist is directed 

to the study and the discovery of the phenomena of nature 

^ » 

and the laws that govern'them. In the education of the 

engineering the emphasis is on the;application and the 

utilisation of the discoveries and the theories of the 
scientist for the advancement of industry and the material 
welfare of the people, and for ensuring the safety and the 
security of the country. There is no clear cut line of 
demarcation between the scientist and the engineer; many 
scientists are excellent engineers; and many engineers are 
good scientists. 

ORIGINALITY AND RESOURCEFULMESSj 

In this talk, I have been asked to deal with the 
question of the development of originality and resource¬ 
fulness in the student. These two qualities are specially 
needed in the engineer; and the student must be encouraged 
to cultivate them by constant practice in thinking and 
working on his own. 

Till recent years, the v/ork of an engineering 
college was limited to running undergraduate courses in 
civil, mechanical, electrical and electrical communica¬ 
tion engineering. These cour.ses were meant to meet the 
needs primarily of the main employers of engineers - 
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the Public Works Departments of the Central and the Provin¬ 
cial Governments, the Railways, Electricity Undertakings, 
the Posts and Telegraphs Department, the Radio Services, 
etc. In most of these services, the normal work is mainly 
of operation and maintenance. 

Engineering Colleges, therefore, Intended to empha¬ 
sise the acquisition by the student of knowledge, infor¬ 
mation and data originated by scientists and engineers in 
other countries, and not so much on his obtaining a good 
insight into, and a correct understanding of, his subject 
and on developing his ability to think and work on his own. 
The examination system also tended to be more a test of 
what he can remember and reproduce, than of his under¬ 
standing of the subject and his ability to apply theory 
to practical problems. 

The situation seems to be slowly changingj but even 
now the student's primary aim is to study to pass the 
prescribed examinations than to obtain an understanding 
of his subject and make himself an expert in it. 

MEASURES FOR DEVELOPING ORIGINALITY AND RESOURCEFaLI^IESSs 

To enable the student to develop his capacity for 
independent thinking and to work on his own, the following 
will, I believe greatly help. 

Undergraduate and postgraduate instruction and 
research in any discipline should be organised as parts 
of an organic whole, they should be housed, as far as 
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possible, in the same building sharing the same lecture 
rooms, library and other facilities, and with the labora¬ 
tories close to each other. This will bring the under¬ 
graduate, the postgraduate and the research students into 
daily contact with each other and with the members of the 
teaching staff, and thereby help to create and maintain 
an atmosphere of high scholarship and research. This is 
particularly valuable for the undergraduate students as 
they will be exposed from the beginning of their career 
to talk and discuss on recent advances in the subject and 
to the atmosphere of research. 

COMON TEACHING STAFF; 

The undergraduate and the postgraduate courses 
should have a common teaching staff; and every qualified 
member should participate in teaching both. He will thus 
be able to keep abreast of modern developments in his 
field of specialisation. Otherwise, he will sink into a 
narrow groove by teaching more or less the same under- ^ 
graduate courses year after year and get stale and dete¬ 
riorate. 

The seniorraost members should take the juniormost 
classes as on account of their longer teaching and 
research experience, the students will be able to get a 
better understanding of the fundamentals of the subject. 
This is important. This contact with senior teachers and 
active research workers will have a beneficial influence 
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in inspiring the student to build himself up in his field. 

In its report of 1959 on the Plannihg of the Indian 
Institute of Technology, Kanpur, the Survey Team of American 
Engineering Professors says ' unless the faculty member is 
a nationally kno\m experienced specialist, it is desirable 
that he combines undergraduate teaching and research with 
his postgraduate program' (page 20). Further in the 
report (page 27), the Team says 'The advantages of close 
association of postgraduate and undergraduate instructions 
are: 

a) promising undergraduate students may be guided 
into postgraduate work^ 

b) young engineering teachers have the examples of 
successful postgraduate teachers as a goal towards which 
to work; 

c) the objectives of post-graduate work and research 
have a good influence in Improving and vitalising the 
standards of undergraduate instruction at all levels'. 

A HIGH LEVEL OF KESEARCH ACTIVITY ESSENTIAL: 

Perhaps the most powerful means for bringing cut and 
developing the latent originality and resourcefulness in 
the student is to maintain a high level of research acti¬ 
vity in the department and in the institution* Research 
and development work should form an Integral and even a 
dominant part of its daily work, and an atmosphere of 
bold thinking and experiment should pervade the plsce. 
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For this to be achieved, every teacher, from the 
senior most professor down to the newest recruit, should 
be an active research worker, working on his own or in 
association with a small group of not mere than three or 
four persons including research students. He should 
devote at least as much time and attention to his 
research work as to his teaching duties. In a discus¬ 
sion before the Institution of Electrical Engineers, 

Prof. Tustln of the Department of Electrical Engineering 
of the Imperial College of Science and Technology,London, 
remarked 'it is essential in the long run. if are noi 
to see the standards of undergraduate teaching sink Into 
squalid incompetence that a high level of x’esearch acti¬ 
vities be maintained in such departments.' (]955^Vol,iCi, 
part B, page 139). We, in India, should bear this con¬ 
stantly in mind. 

The greatest part of the teachers' working day 
should be devoted to his scientific duties of teaching and 
research, the latter being atleast of equal Impcrtaace 
with the former. He is no research worker or research 
guide who does not himself work in the lahoratcr/j hut 
claims to supervise and guide the work of others from 
his office room. In this connection, I cannot do better 
than to quote the following from the notable address that 
was presented to the Russian iicadetry of Sciences on iSun 
May 1943 by the great Russian Physicist, Lcndcmicinn 
P.L. Kapitza, Director of the Institute for Physical 
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Problems in Moscow, 

'The organisation of the Institute and the conditions 
of work in it must be such that scientific workers are able 
to spend at least 80 per cent of their time either in the 
laboratory or on scientific work, diverting no more than 
20 per cent of their time for social-political work. Only 
these conditions will enable scientific workers to do the 
laboratory work personally. Only if the scientist does the 
actual laboratory work himself and makes the experiments, 
even the most routine ones, with his own hands, can he 
achieve real results. A person who devotes some half 
hour to supervising scientific work cannot be a great 
scientist. I am convinced that the moment when even the 
greatest scientist ceases to work in the laboratory, he 
not only ceases to develop, but ceases to be a great 
scientist altogether . 

In the course of the dicussion on Prof. Ivapitza’s 
address, the Chairman, Academician A.F, Joffe, another 
great Russian Scientist who died a little while ago, had 
this to sayJ 

I welcome greatly the statement that every scien¬ 
tist must work himself and not only direct the work of 
others. This I consider really the most important pre¬ 
requisite. Just as a painter cannot create a picture by 
merely telling his pupils where to put on green or red 
paint, so a scientist will come to nothing if he only 
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directs, without taking part in the work at first hand and 
without receiving first hand impressions from the actual 
progress of the work. This appears self-evident 5 yet the 
tendency of our scientific institutes is in the opposite 
direction. Exaggerating to some extent, I would say that 
as soon as a scientist has learned how to work, he ceases 
to work, A laboratory is put at his disposal; reports 
have to be written, plans must be prepared and a host of 
clerical work carried out. He issues instructions, he 

directs, and himself gives up scientific work.' 

These are 'v\rords of wisdom which we in India should 
take to heart seriously and act accordingly, so that the 
available scientific and engineering talent does not get 
wasted in the desert sands of administative duties, 
planning schedules and committee vrork. How many of us 
are 'committee scientists' and not laboratory scientists? 

A teacher's true work and professional standing lie in 
his ability to open up the minds and intellect of his^ 
students, the quality and volume of his research work 
and the calibre of the students and research workers that 
have grown out of his work and with his inspiration. These 
are of enduring value. It is unrealistic and of nc conse¬ 
quence to 3 'udge a person by the position he holds, the 
salary he draws, the power and patronage he exercises,and 
the number of committees and conferences c'n which he sits. 
The attraction and glamour of these are ephemeral and 
without substance. 
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THE INFLUENCE OF A GREAT TEACHERj 

How powerful, widespread and lasting can be the in¬ 
fluence of a great teacher in bringing out the latent ori¬ 
ginality and resourcefulness in the pupil is amply illu¬ 
strated by the examples of Helmholtz, Rutherford, 

Einstein, Appleton and Raman to mention but a few, taken 
at random. These great teachers attracted brilliant and 
gifted young scientists from far and near, who went to 
them like bees to honey. Together, they have changed the 
course of science and the affairs of men. 

It is true that genius is rare; but there need not 
be any lack or shortage of enthusiasm, the spirit of dedi¬ 
cation and the will to strive and to achieve. Such teacher 
will be no less successful in bringing out the best in their 
students. 

IMPR0VE14ENTS IN UNDERGRADUATE EDDCATION; 

Besides these, a great deal can be done to enable a 
student to obtain a good understanding of his sub;5ect and 
to make him resourceful and self-reliant by removing some 
of the obvious defects and drawbacks in the existing 
methods of teaching and examination. Consciously or un¬ 
consciously, they seek to get the student to learn, 
remember and reproduce a varied range of information, 
facts and data relating to the subjects he has to study. 

They do not help to develop initiative and the spirit of 
self help in the students; they have the opposite effect. 
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This Is particularly true of the undergraduate courses. 

In the case of the postgraduate courses It Is better. 

THE BURDEM OF TOO MANY LECTURES; 

Almost the first thing to do is to lighten the 
oppressive load of too many lectures a week and too many 
subjects to study at a time. 18, 20 or more lectures a 
week, on 9, lo or more subjects by as many lecturers are 
not unusual. Nor is it unusual to have 4 lectures one 
after another on the same day, besides one more lecture 
or one or more tutorials in the after noon - after the 
midday meal? This is an intolerable burden. After liste¬ 
ning to only two lectures in succession, the receptivity 
of the student and his ability to concentrate get lowered; 
even note taking becomes somewhat haphazard as he gets 
bored and listless. Continuous lecturing for 3 or 4 hours 
defeats the main purpose of education namely, that the 
learning of the subject must be done by the student's own 
effort, and that the function of the teacher is to guide, 
and help him in obtaining a good understanding of the 
subject and not stuff down his throat a mass of varied 
information and data. The teacher is not there 'to cover 
the syllabus', in the sense that he must deal in his 
lectures with every detail and derive every equation and 
formula. He is, there to stimulate interest in the 
subject and to explain the fundamentals of its theory 

and applications, and the important and difficult points 
in them. The rest must be left to the student. 
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Also, the students will gain greatly if instead of 
its being a monologue by the teacher, the lecture par¬ 
takes of the nature of questions and answers in which all 
the students can participate. This is the only way by 
which the whole class will be alive, with every student 
taking keen and lively interest in the subject of the 
lecture. Such a discussion type of lecture helps him to 
get an excellent understanding of the subjectj experimen¬ 
tal demonstrations, and charts and models are always a 
great help. The 'talk and chalk' type of lecture which is 
unfortunately so universal is a poor and ineffective thing. 
For worse is the dictation of notes by the teacher; and 
this should be absolutely prohibited. 

MAXIMOM ITOM3ER OF LECTURES! 

The number of lectures per week is best kept do^^m 
to a maximum of 15 or 16, and the number per day to 3, 
Lectures should be held in the cooler hours of the fore¬ 
noon; lectures in the afternoon are best avoided as it is 
the sultriest part of the day and the students cannot be 
fresh and receptive after the midday meal. 

Seminars and tutorials are very good devices to 
supplement the formal lectures, and these can be effective. 
They are helpful also in giving an opportunity to the 
student to gain some experience in expressing himself 
before a gathering of fellow professionals. 



96 


MAXIMUM NUMBER OF aiBJECTSs 

To study at the some time 9 or 10 subjects is a 
heavy burden on the student. He will be better able to 
study if the number Is kept down to not more than 6 or 7; 
he can then concentrate on them without having to devote 
his attention over too wide a field* 

LABORATORY WORKs 

The work that a student carries out in the laboratory 
is admittedly of crucial importance in understanding the 
theory and some, at least, of the practical applications 
of the subject. It is, therefore, essential that these 
exreriments should be organised on a well thought out pro¬ 
gramme, Reliable and gof'd instruments should be provided. 
The student too must come well prepared, so that he does 
not lose time in finding out what he has to do in the 
space of an afternoon of 3 hours. This preparation will 
be greatly facilitated if he is provided with appropriate 
laboratory notes prepared by the teaching staff. These 
will help the students in carrying out the experiments 
intelligently and with understanding. But they should 
not be so exhaustive as to deprive him of the opportu¬ 
nity to think out the important features that he should 
study in the experiments. 

Just as in the case of lectures, the function of 
the teacher in the laboratory is to guide and help the 
student when he is in difficulty;, othei^i'scr,be should 
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leave him alone and not supervise his work all the time, 
WORKSHOP PRACTICE, DRAWING, ETC. s 

What has been said under Laboratory Work applies 
equally in these cases. 

PROJECT WORKS 

Post-graduate courses include project work as an 
essential port of the course. Such project work may take 
one of several formsj including the designj construction 
and testing of a piece of apparatus or an instrument. 
Perhaps on account of the large numbers of students 
involved in undergraduate courses, project work has not 
till now formed a part of the students* work except in a 
few institutions. Such work undoubtedly gives considera¬ 
ble scope for the student to think and study for himself 
and exercise a measure of initiative. It also gives him 
a better knowledge of the application of the theory to 
practice. 

THE E3CAMINATI0N' SYSTEMS 

The method of evaluating the worth and performance 
of the student differs-from country to country depending 
oh its educational system and its tradition. ' There ore 
differences between the American, the British, the French 
and the Central European methods of assessment.-In India, 
the external examination systdni is almost universal; in 
this the teacher who has taught the 'subject and knows the 
student has virtually no say. While this system has its 
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good points, it is far from satisfactory In gauging the 
calibre of the student, this proper understanding of the 
subject and his ability to think on his His worth 

is evaluated almost entirely by the marks he gets in the 
single annual examination covering the portions of the 
approved syllabus prescribed for the year. Passing at 
this examination in the highest class and with the highest 
rank therefci?e becomes.tb^ sole object of the student 5 and 
as his future depends on his performance at this examina¬ 
tion, he concentrates all his energy and attention on 
acquiring, remembering and reproducing su"h knowledge and 
information on which questions are most likely to be asked. 

The defects and drawbacks of our examination systeiq 
are well-known and have received considerable attention. 

In this connection, mention may be made of the 'Heport of 
the Committee on the Indian Evaminations Reform Project' 
(1959) of the team o;? ten educators who visited the U. S.A, 
in 1958, and 'Examinations in Indian Higher Educati.on' 

1959 by three American Educators, a number of recommen- 

m 

dations have been made, and one can only hope that they 
will result in evolving a method which will judge better 
the worth of the student, and his understanding of his 
subject, instead of being virtually a tesc of his memory. 
PRACTICAL TRAINING IN INDOSTRYs 

This training during a part of the long vacatiions 
and or at the end of the college studies v^ill help greatly 
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in opening the mind of the student to an aspect of engi¬ 
neering that an educational institution cannot provide. 

It is an essential complement to his studies^in the 
college. For this to be effective, the authorities of the 
educational institution and oi industry should cooperate 
in organising and operating a well thought out programme, 
preferably under the joint supervision of both. 

Under such a programme, the student will have defi¬ 
nite work to do on the shop floor, in the drawing and 
design office and in the test department, Such training 
will help the student to relate theory to practice, to 
obtain some understanding of industrial methods and of 
Industrial workers. He thereby gains a measure of self- 
confidence and sense of proportion. 

Industry too stands gain by this co-operating with 
the colleges in the education of engineers, in recruiting 
young engineers who already possess some appreciation of 
how industry works and who will, therefore, be able to ^ 
take their work more readily. This point has been well 
brought out by Mr. V.R. Reddy, Assistant Educational 
Adviser, Ministry of Education, in his report on his 
recent visit to Universities and Engineering Colleges 
in U.C.A. 

Such organised co-operative training for engineer¬ 
ing college students does not exist in India. Industries 
in India, including state undertakings, hesitate to take 
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students for training except as observers. They cannot 
allow production to suffer^ nor can they take risks with 
costly equipment and instruments by allowing raw young men 
not belonging to the establishment to handle them. They 
cannot also spare any of their staff to help the students. 

The result is that the students have merely to 
observe while the work is going on. To do this through¬ 
out the day, and day after day for several weeks or months 
is exceedingly boring, and they feel that their time has 
been wasted, and get fed up. The whole thing is a farce 
and an infliction on the students. 

In the interests of the country, it is time that 
the two sets of authorities get together and devise 
means by which practical training in Industry is made 
effective and fruitful to the students and to industry. 
This has been done in other countries^ it can and should 
be achieved in India, 
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DISCUSSION: 

R. SA1€JEL remarked that of all the functions of the 
human mind, resourcefulness and creative thinking or ori¬ 
ginality were the most important. Emphasis should be more 
on thinking than on doing. What applied to an individual 
also applied to a community or to a nation. Recognition 
and appreciation of originality would go a long way in 
its development. He suggested that burden on such persons 
should be removed for more productive activity. He was 
of the opinion that association with people of ideas 
would help development of an individual. He urged that 
wherever originality was found a reward for the work done 
must'be instituted. Instead of I.Q, tests for students 
he preferred 0,Q, (Originality Quotient) tests. 

R.P. ARTHUR remarked that if the seniormost members 
should take the juniormost classes, catering for the senior- 
students became a problem. He agreed that the seniormost 
members must have touch with the junior classes. The 
senior members do not mean the Professors alone but it 
included all those who have a certain period of service. 

He suggested that the raw recruits alone must not handle 
laboratory classes and that they should be supervised by 
senior members. 

He wondered as to the permissible work load for.a 
teacher. It was given in the paper as 15 or 16 hours per 



102 


week. He wanted to know whether it included laboratory, 
drawing and tutorials. He did not agree that 15 or 16 
hours should be all lectures. According to him the 
lectures may bo limited to 8 or so and the remaining time 
must be spent for laboratory and tutorial work. 

D. KAMLAKANNAN remarked that the author had said 
that portions or certain subjects must be completed and 
examinations conducted immediately without making the 
students wait for over a year or longer. He said that 
unless the University changed their system, this would 
be impossible. He suggested that the Board of studies 
could make the recommendations to the University”. 

Md,. SULAIMAN remarked that there was a lot of 
disparity in marking among the different colleges if it 
Was entirely left to internal examination., and added that 
unless the integrity was improved, it would 1)C impossible 
to replace the present external e^.-amination system. 

K.S.G. DOSS remarked that the exanination system 


could be slightly modified, 
could be taught in the form 


•de said the-^ the subjects 
cl questions end standard 


answers to be found by stuients from the standard text 
books. According to him if the qv.eocion paper was set 
from among these standardard questions, so.d ii valuetion 
was done by two examiners, Internal examination system 


might be instituted. 





DEVELOPMENT OF RESOURCEFULNESS AND ORIGINALITY 

R.6. G. DOSS 

INTRODUCTIONS 

I thank the Director of Technical Education and Co¬ 
ordinator, for having thought of asking me to give this 
lecture, I consider it a great honour, to have been asked 
to sneak to this-enlightened audience on this subject. 

I am to speak on 'The Development of Resourcefulness and 
Originality'. While it is a fact that I accepted this 
task without any hesitation to give a lecture on this 
subject, I find on deeper reflection that this field 
would have been more competently dealt with by an applied 
psychologist, What I am going to speak, therefore, is 
not a comprehensive treatment of this subject but rather 
a few reflections on some aspects of the subject as far 
as they relate tc my own experiences. I shall first take 
up 'Originality' and refer to 'Resourcefulness' in passing, 
later. 

WHAT IS ORIGINALITY? 

Originality or creativity refers to the capacity 
to discover something intrinsically new, something like 
a bolt from the blue and a co-ntribution which transcends 
prior experience. Creativity is of importance in the . 
whole spectrum of human activities, be it in the field of 
art, science, technology or philosophy. You see a new 
life in the original painting or sculpture^ you find a 
new delight in an original exposition of music or dance. 
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You find a new thrill by reading through an original novel. 
Ao-^rtf^sal discovery in the field of science or technology 
often leads to a revolution in theories or techniques and 
causes great advances in the field, which may tremendously 
alter even the course of human history. 

In the immediate context of our country’s develop¬ 
ment, I would consider creativity in science and technology, 
as most important since it not only joins art and philoso¬ 
phy in the celebration of human spirit, but also takes the 
most prominent part in the industrial development of our 
country and ranks equal in importance to productivity and 
perhaps very soon takes even a higher place than simple 
productivity. 

IMPORTANCE OF ORIGINALITY IN NEl»J DISCOVERIES; 

Being highly skilled and erudite does not necessarily 
mean that one is highly creative even potentially. This 
becomes clear when we study the working of the creative 
intellect. It is often stated that creativity is the out¬ 
come of sheer intense intellectual effort. It is thought 
that the whole effort begins in clarity and order and syste¬ 
matic understanding and proceeds in logical advances and 
under pressure of will into the foreseen or partially fore¬ 
seen structure of a system. This is perhaps true in some 
of the interesting developments, as example of which 
I could mention the classical treatise of Gibbs on thermo¬ 
dynamics. Amongst the living scientists of this type, I 
may mention Carl Wagner in the field of solid state 
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electrochemistry. For them the question of speculation 
does not appeal and the whole thinking is precise and 
subject to control of unerring logic and mathematical 
methods and thermodynamics. When I met Carl Wagner in 
Germany last and discussed his work, I asKed him one que¬ 
stion relating to solid state electrochemistry and that 
was as to, what could be the probable substances which 
would give very good photo-conductive effects. He 
straightly replied that it was not his field and he could 
not answer the question. I told him that I knex-j that he 
did not do any photoconduction work but i.n view of his 
vast experiences of the behaviour of a number of solid 
electrolyte systems and solid semiconductor systems he 
could perhaps make a guess as to which would give the 
best results. His immediate reaction was, 'No guessesl 
You can see from my papers that my approach is not a 
speculative one'. 

Whereas this type of development of science does 
occur here and there, most of the important advances ta'ke 
place in a different way altogether. Creative work often 
starts with a heavy labour, a seemingly fruitless 
struggle for insight into some area of obscurity, rhere 
is a good degree of confusion at start. There is no very 
precise foresight. There is a multitude of shifting 
images and ideas and the course of think'.ng gets progre¬ 
ssively settled. This is often followed by a quiescence, 
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a period of incubation, may be a gestation or an uncon¬ 
scious creation at the end of which there is a sudden 
emergence of a new insight in the form of spontaneous 
flash of lightning in the utter darkness, a flash - which 
represents an unpremeditated development - which gives a 
feeling of conviction and certainty and also a high aesthe¬ 
tic gratification* The beauty in scientific discovery is 
not just that strikes the senses - it is a new profounder 
beauty in the form of a harmonious order of the parts 
underneath the apparent incoherence and disorder - which 
a pure intelligence can grasp. This is next followed by 
further labour for verification, reappraisal and revision 
and a proper presentation, Tpe creative discipline there¬ 
fore appears to alternate between madness and method - 
mindless wildness on one side that looks irrelevant to the 
methods produced; on the other side deliberate labour, so 
painstaking (or is it pleasure taking?) that it might 
itself be enough to produce anything - no matter how won¬ 
derful. This explains the reason why creativity has been 
identified as 'All inspiration' at the one extreme and 
'All labour' on the other. 

I would like to refer to my own small experience in 
this connection. While we were^investigating the mechani¬ 
sm of alternating current electrolysis, it occurred to us 
that a small rectification may occur at the reversible 
electrodes. The very first experiment confirmed our 
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expectation, \7hen we tried to work out the quantitative 
theory however, we were confronted by a difficult mathe¬ 
matical problem. We referred it to a mathematician vho 
only pronounced that the expressions were not explicitly 
integrable and therefore, there was no possibility of 
making any progress in the formulation. This disappointed 
us very much indeed and it xyas after several weeks at late 
night xyhen I jot axyakened, it occurred to me that it should 
be possible to work out the formulations for small voltage. 
I got up immediately and started xyorking on it. By the 
morning the formulation xyas ready. The results indicated 
that the phenomenon xyas much more important than what we 
first imagined and was of great fundamental significance. 
Today, this pnenomenon ’’eferred to as 'Faradaic Hectifi- 
cation has been found extremely useful as a research 
tool in electrochemistry for investigatinc fast reactions 
for which there is no alternative technique available at 
all at present. But for this discovery it xrould have been 
Impossible to measure the speed of fast reactions. 

If I could cite another example again from my own 
experience, I would mention the discovery of .activated 
accumulation. When I was working out the cause of the 
’/ariauion of surface tension with time exhibited by dye 
stuff solutions, it occurred to me Cit wsg g big mistake} 
that there was perhaps no variation of surface tension 
but only there was variation of contact angles. 


To frame 
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this in a conclusive way, I improvised a film balance 
(since no such balance was available at the market for 
purchase either in India or abroad). The first experiment 
itself demonstrated that there was a variation and that it 
was reproducible. This set us thinking as to the causes. 
This was particularly tormenting to me because the normal 
test applied in the film balance apparently showed a 
great contamination of the surface even when the greatest 
precautions were taken. It was again sometime in the night 
it occurred to me that the 'contamination' was nothing but 
the solute molecules themselves coming to the surface. 

This gave the necessary starting point for proper formu¬ 
lation of the cause of variation of surface tension with 
time which completely explained all the facts about this 
piienomenon, which had remained mysterious for over fifty 
years. 

RELivTION OF CREATIVITY TO OTHER PATTERNS OF BEHAVIOUR,’ 

I do not wish to go into the question of correla¬ 
tion of creativity with any signs or pattern of discarnible 
symptoms of the creative worker. Often a creative artist 
or scientist is associated with a certain amount of eccen¬ 
tricity, particularly with regard to hair style or dress 
or perhaps human relations. It is not necessary to give 
any specific examples as we are all intimately ’'aware of 
the appearance of many brilliant South Indian original 
exponents of music. Amongst the scientists I may only 
ask you to look at the picture of the great Einstein. 



109 


It would however be ridiculous to think of developing eccen¬ 
tricity with a view to acquire creativity. I would also add 
similarly that whereas some of the creative artists were 
addicted to drugs, alcohol and other stimulants, the oppo¬ 
site is not true and addicts mostly do not have any crea¬ 
tivity. 


MEkSLTlES FOR DEVELOPING ORIGINiiLITYs 

I would now like to briefly refer to the measures, 
that we can take for the development of creativity. 
Whereas the greatest of the creative geniuses need no 
help from us at all, a deliberate effort in the dire¬ 
ction of development of creativity in a group of indivi¬ 
duals could be extremely helpful in narrowing the gap 
between an individual’s innate creative talent and his 
lesser actual creative.power. This needs a little 
analysis of ’creative thinking'. As I have already 
pointed out earlier, the creativity con.«5ists in net¬ 
ting something new and often by a flash which occurs by 
rairra,-heart, intellect and emotion, all going simulta¬ 
neously into action, ^iind does not move in security 
from the old configurations of insight to the new ones 
extending and enlarging grounds of certainty as in a 
march to a new territory adjacent to the old. But, 
often, mind advances where no grounds exist and 
creates a new one under its foot. In order to invent, 
therefore, it is necessary to think aside. To concen¬ 
trate on the old and irrelevant configurations would 
mean restricting the movement of the mind. 
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EMOTIONAL AND CULTURAL FACTORSs 

First I would consider the emotional and cultural 
factors which are blocks to creative thinking. The most 
important factor is perhaps the want of motive power 
which is got by the readiness to accept challenge from 
the problems facing us. I can give one or two examples 
of this from my own small experience. I once saw a 
prodigy doing multiplication of five figure digits 
mentally. That was when I had Just completed the SSLC 
examination. Having nothingelse to do, I though I must 
discover how this prodigy did that mentally. I felt he 
might have a secret formula and so sat down to discover 
the formula. In fact this was a foolish thing to aim 
at, since many great intellectuals would have aimed at 
this and since nothing had come through so far, it was 
very unlikely indeed that an ordinary person could 
succeed in finding out a new formula. Nevertheless 
this effort for about two to three hours bore one 
result that 1 discovered a new method of squaring even 
six figure numbers in two lines. It was a consolation 
to me that the same method was described by a physicist 
in Current Science more than 15 years later- Similarly, 
it was in the P.U. C. class chat one of my Junioi 
friends challenged me to balance a chemical equation, 
which I failed to do. I was a little disgusted by the 
humiliation that it should be so difficult to .work out 
the balanced equation and so sat down to find out a 
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general method of doing it. The very first attempt was a 
success by putting X, Y, 2 etc., for the unknown variables 
and working out the various equations. It was possible to 
show that any equation can be balanced by a pure algebraic 
method. It was again conforting to see that this method 
was already described in an old edition of Walkers 
Physical Chemistry and was reported as a new discovery 
in the Journal of Chemical Education by many American 
teachers again and again several years later in the 
thirties. One other case I would like to quote was in my 
first year B.Sc., Class and this time the challenge came 
from an Engineering student-friend of mine. When we met 
after a week's xTOrk of our respective colleges in the 
first year, we had a little satirical exeb^rnge of words 
when he mentioned with great pride that he was being 
taught calculus iAfhereas in the science degree course 
I did not have that privilege, I Immediately challenged 
him and said that without the help of calculus, I would 
solve any problem that he does with calculus, He straight¬ 
away gave the following problem.’ 

A body moves according to the equation; 

S = 20 + 21t + 22t^ + 23t^ 

and asked me to calculate the speed at the end of 100 secs. 
I took down the problem carefully on paper, spent a few 
hours and worked out the answer not only for 100 sec., 
but a more general solution. Willingness to accept 
challenge is one of the most important things to be 
cultivated. 
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One should have full confidcuo-c :t i.neself that one 
can find out some thins tis\T aric- shculu -j'''. r-e subject to a 
pessimistic outlook. is, thareirr^, dtsi-’able to empha¬ 
sise some aspects of the History or cojsnct, how the most 
intelligent scientists -.re net Lsoessarilv the most 
• creative. 

Next important s-^prcl is to n^oid toe much towards 
conformity to old ideas- Too much b i\'-f the old 
ideas as beint unassaiiuhlc is the sues way of avoiding 
original thinkinf’. Too '-rjiich ou reli'.r , on authority 
is the real danger for oreati'7i'‘y ai ti '- •’fd. in very well- 
known fields and in c]ei;..' regions ehr" high intelle¬ 
ctuals have already perfccred the udioL.'; ileld, it would 
be somewhat difficult to find out now i'’sar. One should 
also be careful not to go to the exte + of doubting 
irrefutable laws of na':u-'e or wfil-knewL r elationships 
in mathematics and the'.' iiodyofemics. di oli an attitude 
would be dis.'strous. 

Then again e 3 ?ces:ive faith in rr-ciss reasoning or 
logic is also ofoen a hand:o..-p for o‘'lK'nal thinking. 

The difficult;;, that comes up s that or'.O ''' e7ery infor¬ 
mation is available fo-.- oroper ioglc-r'"' 'oo .roning, the 
mind refuses to move fuither. Sim;--U:ry ."’ear of making 
mistakes should net bv t-vere as al-'r th- :-dr of looking 
foolish. The required •ocn'’cptSj fact -■ the techniques 
are not often available ;nd th?: si+U'-’t-on equires sub¬ 
stitution of these by scientific l.,tiul er. Mild thinking 
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should therefore be encouraged and even appre'oiated; any 
needed control should be gently suggested leithout ridl- 
culing the young thinker, 

An urge must be there to find out something new and 
not to feel satisfied with just understanding what has 
been already achieved by others. The novelty may be with 
regard to a new aspect observed in any old phenomenon or 
a new concept relating to an old formulation. 

perceptual Factors; 

The second group of factors which block creativity 
are related to perception. For instance, there may be 
too much rigidity m looking at the problem and narrowing 
too much. I would cite an example. It was in a Mental 
Hospital that on a particular day the main supply pump 
for water tank failed and there was a little chaos in the 
hospital. When the Chief Medical Officer posed the 
problem to the Engineer later, the latter straightaway 
suggested avoiding the pump altogether'and having a 
direct pipeline between the overhead tank, of the Hospital 
and the main feed tank of the city. Calculations were 
undertaken and the result came out to be that they had 
to lay a 7 mile pipe-line having a diameter of more 
than 18 inches just to supply a few thousand gallons of 
water per day. I do not know if this was ultimately 
given effect to as I have not ascertained it from them, 
but obviously a better ulternative would have been 
possible if the problem was not viewed in such a narrow 
way. It is a good practice?, whenever a problem is thought 
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Of, to systematically examine every solution irrespective 
of Its merit, and defer Judgment with regard to the eva¬ 
luation till after the solutions have been thought of. 

The second perceptual factor that comes up is the 
failure to use all senses while observing. Careful obser¬ 
vation of phenomena has helped many times to achieve 
original discoveries, ^iiscovery of argon by Ramsay can 
be an example to illustrate this. His careful study of 
the earlier literature that a small bubble of gas 
remained unreacted when the air was sparked with gases 
of oxygen with caustic alkali led him to an elaborate 
and precise experimentation and to make the discovery 
of argon as a constituent of the atmosphere. 

The third factor which is important is the back¬ 
ground knowledge and thinking capacity without which 
a proper development of even a flasli becomes difficult. 

It is important to go to the frontier while 
making efforts at originality. Any creative thinking 
in a field well behind the present position of develop¬ 
ment may lend to Just discovering something already 
known and this should be 3 waste of effort and intuition. 

I do not believe that this needs any elaborate 
illustration. I would however, refer to the cases that 
I have already cited earlier, viz., that of solving the 
differential equation without the use of calculus and 
the new metiiod. of squaring of a number of examples 
wherein efforts were th^rc- but not at the frontier and 
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naturally the results were of trivial Importance from the 

point of view of novelty. Therefore, there Is only ' one 

place to be in the research scene, l.e. the front. Fur- 

ther more if one is on the fr>nni-ip« 

ii*ontiPx j unc txiTir sp^nt ov^^t* 

reading is a minimum and all the time Is available- for 
thinking. 


Furthermore, it i,c desirable to get a physical 
picture of every mathematical derivation as far as 
possible, A correct and precise picturing helps in 
working out the solutions without the arduous process 
of mathematical formulation. As an example, I may add 
that I was confronted with a problem of working out the 
mechanism of electro reduction of pyruvic acid. On 
going through the mathematical formulation, which 
involved Laplace Transformations, 1 could evolve an 
equivalent, simple and general p.rocedure ba.sed on 
physical concepts. This was extremely helpful in for¬ 
mulating the results of the different mechanisms and it 
was possible thereby to show that our new mechanism was 
more successful in interpreting the experimental results 
than the one suggested by the authors of the data. 

I may pc maps state that in my experience the one 
person who has the unexcelled genius in this direction 
is Professor C, '', Raman. I was very much imp ressed by 
his' original exposition of Maxwell's electromagnetic 
wave e-quations by making use of two fingers. I would 
also like to tcac this opportunity of giving an account 
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Of the «s=overy that ne .ade by this techel.ue, when I 
was a eye witne<5o 'Pu-? ^ 

J j-Ui^LSo. Inis \^TQ^ rnnr^p' i-hoy^ 

■' years back. I 

'-e attendine s colloquium organised Iv Professor Raman 

- Us department at which Parthasarathy, the late 

fputy Wreoior of “atlonal Physical laborstory, Delhi 

save an account of the theories as .nown at that time, 

of diffraction of light waves by ultrasonic waves. 

Dr. Parthasarathy in the course of the e:rposlt<on had 

completely cox^-ered the tx^o bie i ■, 

Dig blach. bo,yrds x^rith a large 

number of mathematical formulation q + 

■‘■urMuiazions. eit tne end of the 

lecture Cr. Raman asked the lecturer to re.sume his seat, 
vent to the blackboard and drew two diagonal lines on’ 
the two black boards and exclaimed 'It Is all wrong' ' 

He continued -look here, the whole thing Is yery simple. 

Ibok at this. Here is the crystal vibrating and emit- ' 

ting ultrasohle waves which form a stationary pattern- 
So you find here successive layers of rarefaction and 
oomprissl-ttocpiied „p. .See what happens when a plane 
wave, (of Xl'ght)-traverEes through'this medium. Eecause: 
of the rarefaction .and compressions there 'r,.- regions : 
ol. regularly varyln-.- refractory Indexes. Ihe plane 
wave therefore gets corrugated.- B-ery oorrugatlon 
represents-an-lma-ge. , fou see what henuens If the plane 
wave 'Of lights is incident obliquely.. There would be 

ah asy^eJry In the • corrugations''aird. therefore in'the 
dlstribuflten or lm.ages:in the vertical'plane '. ' 

addressing.' the mathematician Xilf.riagendranath'J 'ne said 
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■you work It out anJ you will get It; I aesure you'. After 
three daye oan-e out the formulation of Saman-Fath theory, 
completely confirming his predictions. 

It may not be out of place to refer to the relation¬ 
ship of age to originality. Tnere le a lot of controversy 
as to whether originality comes down with advanced age. 

It Is known however, that the past experience of failures 
and successes In research should help m developing better 
methods of analysis of problems as well as In the -Ic 
selection of fields, problems and techniques. F.u would 
definitely give a vantage position to the aged person as 
compared with what he was when he was young. It Is not 
impossible however that In particular Individuals senility 
may set In and the thinking faculty may get dim and con¬ 
servatism may develop leading to single track thinking. 

But a careful analysis of the positlo.n cll over the world 
and In India' in particular shows that there Is a much 
more important circumst.3ncG whl<^ lowers creativity as 
one gets a'little older. Once a scientific worker gets 
some good achievements to his credit, he often is put 
into responsible administrative positions and is burdened 
with noncreative activities and responsibilities. He 
being accustomed to take up any work extremely seriously 
with a view to flndin/- out the best solution for the 
problems confronted, takes up these activities also with 
the same vigour. The.result Is that he could, find nc 
time for creative thinking in his own scie.ntific field. 
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The following is representative of the life of the Profes- 
ssors and Directors of Researcli) 

" * Professor's life now-a-days is a rat-race of 
bnslneas and activity, managing contracts and projects, 
gnldlng teams of assistants, bossing crews of technicians, 
making nnmercus trips, sitting on committees, sanctioning 
leaves, loan advances, inaugurating scientific, arts, 
philosophical and other associations, hearing complaints 
and grievances from staff and outside bodies, replying 
representations, writing D.Os to Central authorities, 
public and Industry, writing confidential reports, 
creating posts, making selections, fighting for budget 
allotments, modifying policies, allotting finances, resi¬ 
dential quarters, dealing with the scheming of unscrupu¬ 
lous, misohlevlous an 1 powerful Individuals amongst the 
staff etc., 


It is not only a question of not finding time phy¬ 
sically to think of research problems but it is the 
loading of the brain with other human problems that 
completely inhibits creative thinking. This poses a 
serious problem today and most of our creative thinkers 


are oblij^ed to take up administrative posts partly on 
account of financial and status considerations and 
partly because ol the fear lest any other administrator 
put in that important position would completely create 
barriers for one's own creative work* 

I would conclude this aspect by quoting the following, 
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which I'alwoys ooncMer as very much worth remembering: 

"When yon think you have a good Idea, be swift 
with the swiftness of a tigress and spring on Its neck 
and never leiore It go until you had your fill! Fling 
away the carcass when you have done with and move forward 


and never loci- back''. TaGORE. 

Coming to resourcefulness, I would only say that it 
is originality at the domestic frontier. . I’^ovelty of the 
ideas evolved need be only with'reference to the local 
envi-renment. Accordingly, one may draw considerably 
from one's own past experiences as well as from other's 
experiences, source'.’ulness sometimes also is applied 
to less serious matters such as a game of chess, 
crossword puz-.les and so on. 
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DISCUSSION; 

S. SiLNkixHiiLINGai'i remarked that th-re might .he diffi¬ 
culties in applying the idea expressed hy Ooss to our 
daily work of teaching students. He wanted our thinking 
to be directed to produce that creative ability in the 
student. He urged that the students mus+ be made to 
think in a rational way. He suggested that H would be 
better to prepare the student for the nature of work he 
would have to do later in his life and that he must be 


trained to think for himself, 

E.C. CHriNDHjiSEI'.iiHAN remarked that research worker- 

should have the sincerity of purpose eno tenacity to 
achieve what he was working at. itccordii- . to hlti, It was 
better to take a note of all Ideas however absurd they 
might be. He suggested that a Professor directing 
research, should allow the students to woxK and find out 
the materials available for himself and not lEpose every¬ 
thing In the beginning Itself. 

y.C. KUt..hdDtt.ISWiiMY remarked that ...vnerally we are 

accustomed to thinking that originality is Inborn. The 
European view Is also more or less the ssms. ^he ..merl- 
cans think that given the proper background, almost 
anything can be taught. With proper envUonment and 
methods of instruotlon, It Is posslbl- to develop in 
individuals creative ability and resour ■ fuinass. K 
Is true that Einstein and Bernard Shaw jr: born anu not 

■ 1 a nf ip«!cer invcnPcT' Td thinki..r.uj 

raadv;. But in the case oi les-er invfcu 

much could be made by systematic effort. 
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. K.?!. ilAO remarked .that the creative ^cnius 

must be develorcd la a person at an early age itself when 
they were children. He felt that the inquisitive child 
must not be checked but encouraged. Meditation was neces¬ 
sary for proper development, 

R. SAMUEL remarked that a problem must be viewed as 
a whole and not piece meal., lie said that suggestions given 
must be accepted and received. He felt that unless there 
was a receptive group, the enthusiasm of the research 
worker might be damped. 

K,S. G. DOSS in his summing up, remarked that 
problem - solving groups might be set up in each section 
of Engineering. Enforcing short period of relaxation 
among the students would help to carry through heavy 
dosages of lecture. He felt that research in India was 
difficult. But he was of the opinion that resourceful¬ 
ness could play considerable part. He suggested that if 
we could find •nttsrnerives and substitutes for equipment 
not available in India, it would help the nation and the 
individual cor .siderably. 

He said ti;at an administrator went by rules and re- 
/rulations. Hence accor ling to him he might not appreciate 
the demands. Hut a scientist as an administrator might 
also prove dangerous as he might try to take all the 
credit for the work done by his subordinates. Due recog¬ 
nition to the right persons might not reach them. He felt 
that there are both .advantages and disadvantages in either 
case. He suggeste'i that a history of the discoveries made 
would help in the training of a young thinker. 





FUBDiMHBijL SCIENCES AND TECHNOLOOy 
i^LDlDI HiJ'IitliRISHNAN 


It is both impertinent and embarassing for me 
to Si^eak to a group of enlightened engineers about 
the role ox fundamental sciences in technology-. This 
is now accepted almost as axiomatic and the study of 
basic sciences is today an.integral part of the curri¬ 
culum in technology, However, I feel there is a neces- 
sity to emphasise three aspects in the inter-relation- 
ship of pure and applied science^ with particular 
reference to advanced education In India. 

What is treated as an axiom is that the mathe¬ 
matical sciences are useful and necessary tools? but 
what may not be equally obvious is that the pursuit ft,f 
fundamental sciences for its own sake in an Endeavour 
■^A. 9h a.lmost guarantees the grcr>rth tif technology . i can 
best express this through the inimitable words of one 
of the greatest physicists of the world today Profes¬ 
sor Julian Schwinger of Harvard^ 

"The scientific level of any period is epitomised 
by the current attitude toward the fundamental.proper¬ 
ties of matter. The world view of the physicist sets 
the style of the technology and the culture of the 
society, and gives direction to future progress" ) 
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Thus, if the growth of technology depends on the moving 
frontier of fundamental sciences, this can be achieved 
not by treating basic sciences as tools, but as the 
primary aim of those who are devoted to their develop¬ 
ment. This ha-s been adequately realised in the United 
States which has sponsored the siitiultaneous gro^rth of 
fundamental and applied sciences. In fact, in India, 
where a desire for economic development has become not 
only a necessity but almost an obsession \nth the 
planners and administrators, there is a great danger 
of treating fundamental sciences as a tool, albeit 
necessary, yet only an appendage to applied technology. 
This shortsighted attitude will lead to a stifling of 
initiative in the creative sciences and may ultim.ately 
retard the technological development in the country. 

There is a second significant feature in the 
relationship between pure and applied sciences. In the 
growth of human knowledge, it is impossible to predict 
whether theoretical or e.TDerimentol work precedes the 
other in any stage of development. There are as many 
examples of discoveries of experimental work being 
stimulated by theoretical predictions as there are 
experimental discoveries leading to new theories^ It 
was Oirac's logical interpretation of negative energy 
states that preceded Anderson's discovery of the posi¬ 
tron. On the other hand, the experimental discovery 
of strange particles stimulated the Gell-I'lann-Nishijima 
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relation which burgeoned into the beautiful SCJ( 3 )- 

-ymmetry. ihie has been best expressed by Murray Gell- 
Mann of California as follows^ 

"There is the really exciting prospect of total 
surprises, things completely outside oui* experience, 
which our presentday theoretical language is inadequate 
to describe-. For the last few years, theoreticians 
have been doing pretty well. Fifteen years ago they 
were in miserable repute after spending ten years 
describing the muon by a theory of the pion. The ex¬ 
perimental discovery of strange particles took them 
totally by surprise, just like the existence of the 
mourr. I think another reversal of the positions of 
experimentalists and theorists is about due now. The 
strain has been accumulating for 15 years^ the shock 
should come fairly soon"^ 

Thus, to the experimenter the theorist should be 
a companion and co-worker in the high endeavour of un¬ 
derstanding and mastering the forces of nature, and not 

just a useful assistant providing him with the neces¬ 
sary tools. 


The third aspect of this relationship is that it 
is impossible to foresee the domain of the applicability 
of any advance in fundamental sciences, ii gravitational 
theorist would be convinced of the validity of the 
relation E = purely through the principles of 
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Lojentz invariance while a nuclear bheorist would use It 
for estimating the cnerey released in nuobear fission. 

A theoretical physicist will not be surprised If a new 
gifted entrant to elementary particle physios, unacquainted 
with gravitational laws, rediscovers the principle of 
special relativity purely by the study of hyperflne 
structure of spectral lines, fhe two frontiers in the 
stqdy »f the basic laws of natural sciences, that of the 
very,large, (the cosmos) and that of the very small 
(elementary particles) seem to' merge with our Increased 
understanding of such laws. The same situation seems to 
be true as regards the domains of pure and applied 
science s. 


REFEHEWCESs 

i) Nature of Matter j 'Purpo.eee of High Energy Physics' 
(Erookhaven Collection of articles, 1964) Science 
/ol. 147, pp, 3 548-1556 at n,l554. 
ii> 'Particles and Principles' by Murray Cell-Ivlann, 
'Physics to-day' November 1964, pp. 03^,03 p.os. 


*** 
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DISOrSSION: 

'/.N» OTEER warned that the subject of applied 
sciences like quantum-ineehanics, electro-magnetism etc, 
would be so fascinating that there was a danger of the 
tecimologist becoming a pure scientist. He wanted this- 
danger to be avoided. He also said that we were at pre¬ 
sent lagging in the Technological advancement compared to 
other countries. He wanted this to be changed so that-we 
could also make some original contribution. 

A. Ra.!4iiKRISHHiiN replied that the theoretician could 
meet the experimenter and vice-versa. He remarked that 
seminars on co-operative basis would help to avoid the 
danger of technologist becoming a pure scientist. 

According to him, we have gifted Mathematicians and scien¬ 
tists. But he was of the opinion that they in India were 
not meeting together to take advantage of the advance 
knowledge of experts and use it for development. He was 
certain that if this was done, we would not lag behind but 
push forward. 

H.S. SHIYASAMY remarked that the standard of basic 
sciences for engineering students appeared to have gone 
down with the result we were thinking of a two year P.U.C. 
He felt that it would be better if a student was given a 
high quantum of Mathematics and basic sciences before he 
entered the Engineering College. 

V. C. RlTLiiKOalSWAMY' said that the speaker had remarked 
that Engineers look upon Mathematics as a tool. According 



127 


to him Mathematics is the foundation for engineering. 

A good hydrologist must be able to understand the metero- 
logists, hydro-meterologists, gco-hydrologist and geolo¬ 
gists; unless the hydrologlst-had a good knowledge of 
Mathematics and pure sciences, he would not be good in 
his field., He was of the opinion that engineering was 
an applied science and an Engineer translated the achie¬ 
vements of pure science into those of engineering for 
human use. He also felt that apart from pure Mathemati¬ 
cians, there should be a few practical, mathematicians 
who could appreciate the problems of the engineer and 
could give solutions to them* 

NilRiiYA.i’T RAO felt that we should cater to the 
demands of our Industry which did not need highly quali¬ 
fied scientists. -According to him we could leave pure 
science as an elective and fulfill the needs of the 
industry.. 

W.J. FEIb.ttEISEN traced the history of Mathematics 
in Engiiiee.i’ing curriculum in IJ.S.A. for the last 20 years. 
Mathematics portion in the Engineering curriculum stopped 
with the second year sophomore. Later the Blnglneerlng 
cour-ses started and there was option to deviate from 
further use of mathematics. In 1952 the ECPD made 
certain changes to impart larger quantum of Mathematics 
into the Engineering curriculum. In 1962 a committee 
again revised the requirements of Mathematics and basic 
sciences. A number of schools teach calculus as an 
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elective. Advanced courses such as probability, linear 
partial differential equations, statistical quality con¬ 
tra! etc. are offerred for those who would go for advanced 
degrees In Engineering. According to him In basic science 


also, a similar change had occurred. 


He said that what 


were covered in the colleges in previous years were now 
being covered in high schools and that topics such as 
theory of relativity, nuclear physics etc. have been 
,tnt|-#d\Jced. -He further said that so also in chemistry,- 
stress had been laid on the fundamental properties of 
matter, -iiccording to him at the University of Wisconsin, 
liaison between the Engineering and Mathematics facultie 
did not felt that to an engineer, Mathematics 

wai a tool. -He .suggested that he must recognise the 
physical concepts of the mathematical equations. This 
should be the end of an Engineer's knowledge of Mathema¬ 
tics* He felt that in India, it would be best if the 
JrtUdents learn more of klathematics so that it would be •£ 
greater use to them in bridging the gap between India and 
advanced countries^ 


A.. Ramakrishnan remarked that an Engineer or a 
technologist should aim only at excellence in his field. 
But he felt that he must work in co-operation with a 
scientist so that it would result in greater benefitHe 
suggested that developing institutions should contain 
experts from each field - a complete spectrum. He felt 
that courses must be offered only by experts of that 
field and the- style should be set by them. 

The chairman remarked that great teachers in various 
fields could help to understand the experts in those fields 





THE ROLE OF HUI-LiNITIES IN EITGINEE.aWG EDTJCaTIOH 
R. ERISHHAHJRTHY 

I thank the organisers of the ' Sumrner, School for 
Teachers in Engineering Institutions' for inviting me 
to speak to-day on 'Humanities in Engineering Education' 
before this gathering of Engineering Teachers. This is 
the second Summer School of its kind, the first being 
held this time last year at Coimbatore under the aegis 
of my esteemed friend, Sri G,R.Damodaran, Principal of 
the P.S.G. College of Technology, Coimbatore. The value 
of such Seminars and Summer Schools is well-known. They 
bring togetrier a number of people interested in the same 
or allied subjects, and enable them to establish perso¬ 
nal contacts and to discuss j.roblems of special interest. 
In such discussions, doubts are raised and ans^^ered, 
light is thrown on various obscure points, and the 
participants learn a great iersl by these (formal and in¬ 
formal) contacts. This particular Summer School has been 
planned to last a fortnight. I am sure that at the end 
of the session wiien the participants go back home they 
will feel that they have benefitted immensely by these 
lectures and disciissions. 

\ 

The need for fully-equipped engineers is recog¬ 
nised all over and particularly so in a developing 
country like India. The H'nion Covernraent in India is 
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started wltM. the last 

t.pir' ‘-taolctcal Institutes of National 

DOS, one of thee, being the Indian Institute of 

.c^olog,, Ihe vatlous State Oovenn.ents ate,as 

- -ning ne. .ngl^^^^ 

- ° eges and m strengthening and upgrading the 

3lr68dy 6xis'fclnfir odpc 

■ * <=xaa.ple, i„ the State of 

madras, there is an Engine^rine 

„ . =ine.riug College at the Annamalal 

University. Thprp -i c fho k , 

P„ . •‘h^tltute Of Technology, 

Chronepet. In addition to the above tt 
_ ^ there are eight 

ngineering Colleges affiliated to the Ka-i tt 

the hadras University, 

they ares 

1. Engineering College, Guindy 

2. A.C. College of Technology, Qui„dy 

3. P.S.G. College of Technology, Colabatore 

4. Coimbatore Inst-itnfo r.-p o- i_ 

re -institute of -echnology, Coimbatore 

5. Government Collei^e of TophnrhT r. 

01 lechnology, Coimbatore 

6. College of Engineering and Technology, 

■ tvaraikudi 

7. Heglonal Engineering College, Tiruchlrappalll 
3hd S.TheagaraJar College of Engineering, .-fedural. 

A elmllar expansion in Engineering education Is seen In 
the neighbouring States of Andhra, Karnataka and Kerala, 
n otacr States of andia also, the same desire to start 
new Engineering Colleges and to Increase the output of 
Engineering Graduates are very iwch In evidence. 
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1 .'hall now attempt a brief survey of the provision 
made for the study of the Humanities In the Engineering 
and Technological Colleges within the Hadras State. In 
the Madras, the following subjects are taught: 

English, German, History a„d Culture, Principles of 
Economics, Industrial i-Ianagcment Including Industrial 
Paychology and Human nelatlons. The course Is spread 
over all the five years, and about 8 per cent - 9 per 

cent of the total contact hours is set apart for the 
Study of the Humanities. 


In the Engineering Colleges affiliated to the 
Madras University, English, Humanities and Industrial 
Management have to be studied by every student. Under 
the heading 'Humanities' are included Social Economics, 
Problems of Indian Economics and Industrial Psychology, 
Human Helations and Industrial Hanagement. The Engi¬ 
neering College of the Annamalai University provides 
for special training in English during the first year, 
and short courses on the Humanities during the fourth 
end fifth years. 


Erora what has been mentioned above, it is clear 
that the I.I.T., Madras, makes larger prevision for the 
study of the Humanities than the Engineering Colleges 
^mil®H/ed to the Madras University or the Engineering 
College attached to the itnnamalai University. But there 
are certain basic subjects in the Humanities which are 
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emphasised in every one of them. It may be assumed that 
the Engineering Colleges in the other States of India have 
by. and large the same pattern, and that they give about 
the same importance to the Humanities in their syllabi. 

Not many years ago, in India, Engineering Colleges 
made no provision whatever in their curriculum for the 
study of the Humanities. It was argued in those days 
that the Engineering Course is a. specialised course,that 
the students had studied enough Humanities subjects 
before they joined the course, and that it would be a 
waste of time to make them study any more Humanities 
subjects. The same opinion existed in a number of Ame¬ 
rican Universities also in the twenties of this Century 
But during the last 40 years, people have become increa¬ 
singly aware, both in American and Indian Universities, 
of the consequences of excessive specialisation in Tech¬ 
nology, 'Such training x^ill necessarily be one-sided. 

Slowly opinion has crystalised within the last 25 years 
that students of Engineering and Technology should 
compulsorily receive some training in the Humanities. 

A word of caution has to be uttered at this 
stage. The quantum of knowledge that can be given in 
the Humanities in an Engineering College or Technolo¬ 
gical Institute will be necessarily limited. In these 
Institutions the primary subjects of study xirili be the 
Sciences - both the Basic Sciences and the -applied 
sciences. The humanities will occupy a subordinate 
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place In the curricula of studies. They can never over¬ 
shadow the study of the Sciences. While no hard and fast 
rule can be laid down, the suggestion may be made that 
T'? to 10« of the contact hours during the entire period 
might be set apart for the Humanities. 

All of us realise how the study of the Sciences 
satisfies the needs of individuals and the Community by 
enlarging their understanding of the material world. The 
volume of scientific knowledge that is available to 
man*.icind is increasing day by day and every available 
minute of time will be required for mastering them. At 
ithe same time, it has to be recognised that while spe¬ 
cialisation is necessary, it can never be an end in itself. 
The purpose of Education is not to produce human robots. 

The specialising student has also to develop his mental 
powers, his critical faculty and his imaginative vision. 

It is beside the point to argue that the study of the 
Humanities will take away some of the valuable time which 
would otherwise be available for the study of the Sciences. 

An attempt may now be made to assess how the diffe¬ 
rent subjects in what we generally call the Humanities 
and social sciences appeal to us. The classics place 
before us the achievements of the great minds of old 
in the various branches of literaturew It may be the 
immortal epics of Homer and Virgil, the Mahabharata and 

the Kamayana, the great plays of Shakespeare, the poems 
of Milton or the inspired writings of Kalidasa. 
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Some training should, if possible, be also imparted in the 
appreciation of the Fine Arts - Music, Drama, Dancing, 
Paintaing, Sculpture and Architecture. Who that has eyes 
to see and ears to hear can remain unmoved when he sees 
some of the masterpieces of painting, sculpture or archi¬ 
tecture in the world, or hears the inspired melodies of 
some of our greatest musicians? 

Philosophy brings us into contact with the thoughts 
of eminent thinkers - ancient and modern - on the great 
intellectual and moral problems that mankind has faced in 
the past, is facing now, and will be facing hereafter. 

The social sciences help us to understand our own beha¬ 
viour and that of others within the institutions which 
we have made for ourselves. They make us aware of the 
factors determining the progress of History, and the 
social forces which are active in the world. Social 
psychology deals with the socialisation of the individual 
and the development of his personality in the particular 
social setting. Logic helps people to think soundly, tcj 
judge competently, and to acquire a knowledge of those 
basic principles which contribute to mental growth and 
mental health. The study of Economics is so necessary 
to the individual and the community in this complex 
world of ours. Some knowledge of the legal aspects of 
business and of industrial legislation may also be con¬ 
sidered to be necessary for the engineer - administrator. 
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H«a,e„e„t 3.e ac,„inn, ,.eat l.ponance t.e. 

days, and have already he=o.e a special hranoh of study. 

Humanities help the Individual to achieve a mature 
understanding of his cultural heritage, an enlarged appre¬ 
ciation of values, and a philosophy of life adequate to 

uodern needs, .hey aim at stlmuiatloh rather than speola- 

lisation, at perspective and value rarh«r fh 

vaue rather than encyclopaedic 

knowledge. They also help m the growth of a capacity to 
communicate effectively, to understand one's cultural and 
social environment, and to develop aesthetic appreciation 
of all that IS great and beautiful. They enable us to 

become good citizens who will di uipH-it’o-c 

Alii discharge properly their 

functions to the community. 

Life In the modern world has beoome complete. The 
professional man, the engineer, the technologist i.pot 
-rely a component part of the machinery of a large work¬ 
shop or factory. I„ the practice of his profession, he has 
to come in contact with human beings. He should have an 
understanding of the community which he Is called upon to 
serve. He has to work with people who are his teohnlcal 
equals or subordinates. I„ his relationship with them, 
he has to put forth his best: and for this, some know¬ 
ledge of industrial psychology is very necessary: 

He should also aim at an all-round development of his 
personality. In his desire to acquire technical 
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efficiency - and this is certainly the duty of the tech¬ 
nologists - he should not neglect general culture. Of what 
use is specialisation to the Engineer, it may well be 
asked, if he loses his humanity and his humanism? Humani¬ 
ties alone will train him to take decisions on social, 

Civil and political issues, and to help in the constructive 
participation with his fellowmen for the realisation of a 
richer, fuller and happier life. 

The Massachusetts Institute of Technology, which is 
the model for man;.- modern technological Institutes, expects 
every student to take some lectures on English literature, 
and one or more foreign languages and some fine arts. One 
distinguished President of this Institute declared on a 
recent occasion "The Institute trains for life and for 
citizenship, as well as for a career. The teaching staff 
seeks to cultivate in each student a strong character,high 
ideals as well as a keen intellect". These are wise words. 
Let us remember them when we are framing the curricula of 
studies for our Engineering Colleges. 

So far, an attempt has been made to show how the 
study of the humanities will be useful to the technologist, 
andhow it will make him a better citizen. This is one 
aspect of the problem. But in a few exceptional cases, 
even among technologists, the study of the Humanities 
may become an end in itself. It will open out vistas 
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before the specialist, which he would not have dreamt of. 
The Delectable Land is always there for him to enter and 
enjoy. That is the justification for the Humanities being 
considered to be one of the intellectual disciplines for 
all people. No education will be complete even in a tech¬ 
nological Institute unless the student has learnt to expe¬ 
rience some of the thrills and joys which the Humanities 
alone can give. 

To sum up, the'technologist requires a basic trai¬ 
ning in the Humanities. In the nature of things, such a 
training cannot be of an advanced standard. It may be the 
bare essentials, the fundamentals of the subjects concerned 
Care should however, be taken that it does not become a 
mere smattering or something superficial. The Humanities 
form a complement to the Sciences (Bas:’c and iipplied). 

There is no conflict between them. It is the duty of 
educationists to arrange a programme of work in our 
Engineering Institutions which will be a synthesis of the 
Technological and the cultural elements in education, 
special prominence being given of course to the technolo¬ 
gical part of it. 
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Disaisaows 

The chairman remarked that in U. S.ii,, the fact that 
students should learn more of humanities, had been recog¬ 
nised and due importance was being given. 

P. S. KRISHNAHUHTHY.' said that Prof, Ivri shnamurthy has 
pleaded for an increase of humanities syllabus in £ngin - 
eering curriculum. But generally the students devote 
very little time to the study of humanities. He felt that 
the choices of text books must be done properly. 

C.T. SREERaMUlUs remarked that from a review of the time 
spent on non-techni cal subjects in Indian and American 
Universities, it was found that allocation of contact hours 
for technical and non-technical subjects was as given in 
the following tabular statement. 


Indian American 


Total contact hours 

6120 

2500 

Won-technical Hours 

365 

700 

Technical hours 

5765 

1800 


He said that this indicated a low allocation of time, 
for non-technical subjects under which humanities came in. 
Hence he felt that an increase in humanities syllabus was 
warranged. According to E.C. CHAFDRASEKARAH a certain 
amount of legal knowledge would be more useful for an 
engineer. He felt that Engineering students should also 
be given some ideas about public relations. 
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R.P. ARTHUR felt that teaching humanities in regional 
languages might be better. 

He said that teaching new languages might be taken 
up, as many students show a liking to study new languages 
for certain reasons. He felt that this would help the 
students and the teaching community. 

I.O. EBERT said that the home work load got less, as the 
student came up to the College in U.S.ii. and that the 
students were more concerned about listening to lecture,etc. 
than on examinations. 

rt. KRISHNAMURTHY in his summing up said that humanities 
formed an integral part of Engineering Education. He knew 
that the student found a course in English difficult to go 
through. He suggested that a committee should be set up 
to go through the syllabus and quantum of humanities to be 
studied. In Indian Institute of Technology the time 
allotted for humanities for a week of 29 hours was as 
below: 


I 

Year 

3 

hours 

English 

II 

Year 

2 

hours 

for English and 

III 

Year 

2 

4 

hours 

hours 

for German 

History & Economics 

IV 

V 

Year & 

Year 

5 

hours 

Industrial Management 
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He felt that if sufficient time was allotted to humanities, 
the student could be gradually trained in-the appreciation 
of humanities. 

He agreed that a knowledge of law would be useful to 
the Engineers and remarked that a series of lectures of 
special nature could be arranged to give the engineering 
students the necessary rudiments of law. 

As for the instruction of humanities through regio¬ 
nal languages he felt that it might be thought of at a 
later date, though it was a current problem facing the 
whole country. He said that it was an excellent suggest¬ 
ion but would need a few more years.for implementation. 
According to him it was upto the University to look into 
this and effect the change. He said that krishnamurthy 
had pointed out that students did not devote much time to 
humanities and there x^as a large amount of failures. He 
felt that much depended upon the teacher to saake the 
lecture interesting to the students. 





THE ROLE OF HUMikNITIES IH ENGINEERIFG EDQCaTION 
D.N. NUTTAL 

I start with two assumptions - that there is now 
general acceptance of the function of a technological insti¬ 
tution as being the education of engineers, and not merely 
their training, and that the Humanities have been widely 
chosen as a suitable group of educational disciplines to 
serve this purpose by broadening the curriculum of these 
institutions in order that the students therein may develop 
an understanding of the world beyond their professional 
interests. 

However, this inclusion of Humanities (or Liberal 
Studies) in the curriculum must not be held to indicate that 
all technological studies are of necessity non-humanistic 
(or illiberal), Ti^ey may well be, of course, if their sole 
purpose is to provide a student with a collection of facts 
and formulae which will enable him to pass an examination. 

But technological and scientific studies need not be so 
prescribed.. In the hands of enlightened teachers they can, 
to the degree that they aim at education rather than trai¬ 
ning, have the same humanistic purpose of developing a 
sense of values and a critical judgment, of encouraging 
independent thought and reasoning. As things are in our 
colleges, however, I think we can agree that science and 
technology are apt to confine themselves to the accumula¬ 
tion of knowledge; and it is the justification for the 
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inclusion of our Humanities courses in the curriculum that 
they can bring, in addition, some accession of wisdom, and 
some recognisable cultivation of intellect, imagination 
and sensibility. 

It would be as well to define our terms before going 
any further in order to be certain that we are talking 
about the same compendium of ideas when we talk about the 
Huaahities. While science and technology are concerned 
solely with man's environment, the Humanities are studies 
which centre attention on the life of man. The subject 
content of these two groups of disciplines is different^ 
so also are their methods. The physical sciences are 
descriptive, concerned exclusively with what is and what 
can be proved to be. The Humanities are not only descri¬ 
ptive, they are normative in function; they are concerned 
not only with what is, but with what ought to be; the 
reasoning they demand is not only analytical, but critical 
as well; they involve value judgments and opinions which 
can be defended, but which are not necessarily capable of 
objective proof. 

This definition of the Humanities, I am well aware, 
excludes all the social sciences because, although their 
content is indeed humanistic, their methods are once again 
descriptive, not normative. The distinction is perhaps 
familiar enough; but I mention it because there is a 
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tendency in our institutions to offer courses only in the 
social sciences, to house them in a department called 
'Humanities ’5 and to assume that the humanistic element of 
an engineer's education is thereby being catered for. 

I accept the need for a convenient term and I accept that 
'Humanities used in a broad sense can conveniently include 
the social sciences. But the two terms are not synonymous; 
and the purpose of providing our young engineers with a 
broadly based education (one of the assumptions with which 
I started) will not be adequately served unless disciplines 
from both these groups are included in the curriculum. 

There is a disciplinary difference between the Humanities 
and the social sciences which is in danger of being blurred 
by our terminological usage; and, without decrying either, 
we should remain aware of the difference so that both sets 
of studies are given their due place. 

Before discussing the Humanities and the social 
sciences further, there are perhaps one or two background 
factors which we should consider In relation to the role of 
these disciplines in our curriculum, and the selection of 
studies we may include in order that they may play that 
role effectively. 

The first factor, the one which must be first In 
emphasis at any gathering, such as this, concerned with 
education, is of course the student. Unfortunately, be 
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is often in danger of being overlooked - as you may think 
if yon glance down the list of topics scheduled for discus¬ 
sion during this present summer-schooll It is the student 
who should be the starting point of all our discussions 
(when we come down to the actual classroom situation, 
there is nowhere else to start) and our thinking about 
engineering education will lose direction unless we con¬ 
stantly remember for whom it is meant. In a paper such as 
this, concerned with the role of Humanities and not with 
the methodology of its presentation, we can only note that 
we are dealing with a collection of individual students of 
varying background and education and at varying stages of 
maturity (Physical, mental and emotional )5 and, leaving these 
individual differences aside, look for common factors. There 
are, I think, only two broad and meaningful general!sations 
that we can make about our students - generalisations 
concerning their age and their ability - but these are 
important considerations when we are deciding on a curri¬ 
culum and the role of specific disciplines in it. 

The majority of our recruits come to us in their 
late teens. This means that in the year 2000 A. D., every 
one of the students In our colleges today will (if he is 
alive) be still of an age to be employed in industry. 
Thirty-five years from now - and those- of us who can 
think back thirty-five years to 1930 can bear testimony 
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to the -uncertainties of maturing (and growin-:;^ old?) in a 
world very different from the one we grew up in. The next 
thirty-five years must see an acceleration in the rate of 
change, and we can guess only rather blindly at what 
social and industrial life will be like by then. What we 
do know with fair certainty is that most of the science and 
technology we are teaching today will be out-of-date whole 
new disciplines will have emerged and much of our present 
equipment, textbooks and machinerj/! (even our very depart¬ 
mental titles) will be museum pieces. There is very 
little purpose, then, in requiring our students to absorb 
large quantities of factual knowledge when what they will 
really need is a broad understanding wliicii will enable 
them to meet change and adapt themselves ■’:o technical 
advances. This prospect calls now for the preparation in 
our institutions of young men and women aware of the 
broad range of human endea^/our and achievement, alert to 
their present environment and prepared to contribute to 
its progress^ young people who are used to thinking for 
themselves. In the cultivation of this habit of mind - 
the habit of independent, resourceful thought, of 
critical as well as analytical reasoning - the purpose¬ 
ful study of the Humanities has a decisive role to play. 

The other generalisation we can make about our 
students is about their renge of ability - they have all 
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tnacle the grade and have been selected for engineering 
studies; and the competition for selection argues that 
they -will all be of average mental competence or better. 
The significance of this in our curriculum planning is, 
of course, that the studies we prescribe must be intelle¬ 
ctually satisfying; they must make demands on the intelli¬ 
gence of our students; there must be no superficiality or 
lack of substance in the studies themselves, nor must 
there be any attempt at ^election which produces such 
attenuation. The role of the Humanities here is indeed 
a disciplinary one. Every technological institution faces 
this problem of preparing a worthwhile programme in the 
Humanities and the social sciences which can be presented 
to the students in a limited amount of time. (Let us also 
not forget that whatever time is available, the pressure 
of other work means that the students are concerned with 
examination success in the Humanities, and not with the 
disciplinary value of the studies they pursue). The time 
limit leaves no rocm for the details which would be needed 
by the specialist; and yet, as we have said, the content 
cannot be so superficial that the student gleans only a 
few generalities without any insight or understanding. 
This, in turn, means that we have to apply some process 
of selection, to choose some meaningful combinations of 
subject matter, and to offer a course of studies which 
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will have relevance for the young engineer about to 
practise his profession in India. 

The difficulty of this problem should not be under¬ 
estimated the problem of framing a course in the Humanities 
and the social sciences which will have a breadth of scope 
as well as a depth of interest, and of presenting this 
course within a time-table allocation which allows of 
only two or three hours of student contact per week. 

I should perhaps moke it clear that, in talking about 
a course of studies which will have relevance for the 
young engineer in India, I do not mean that the disci¬ 
plines in the Humanities (or in any other department for 
that matter) should be pruned to meet the specific needs 
of our students - that Sociology and Economics, for exam¬ 
ple, in being interpreted as Sociology for Technologists 
and Economics for Engineers should be reduced (say) to a 
study of trade unionism in India and an introduction to 
financing and budgetary control. This is the difference 
between training and education to which I referred when 
I began. Kno^^fledge and skill in limited areas such as 
trade unionism and financial control may well produce a 
more competent engineer; but they will scarcely help in 
our efforts to produce an educated one. 

There is, in fact, only one decision we can make 
when we consider the age and calibre of our students and 
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the responsibility that devolves upon us as their educators. 
The disciplines chosen for study in a Humanities course must 
be chosen on their own merits and must be rigorously pursued 
in order that the students may recognise and appreciate that 
such studies are as significant as technological ones. It is 
important, too, that there should be this parity of esteem 
throughout the institution - the Humanities should not be 
looked upon as on upgraded extra-curricular activity, nor 
as a form of easy option or light relief after the efforts 
of scientific and technological studies. The Humanities 
course should be as demanding of the students as any other 
of their studies - if it is not, it can only mean that in 
some way the students are being given short measure and 
that a full education is being denied them. My reason 
for mentioning the relevance of such a course to the needs 
of our students was not that the content or subject 
matter should be tailored to their requirements, but that 
the bearing of these humanistic disciplines on technology 
ought always to inform the approach to their study and th^t 
the presentation of the subject matter should exploit this 
relevance. This, in our particular case, must mean that 
sooner or later the courses must concern themselves with 
contemporary problems in India so that our students are 
aware of present developments and able to judge future 
events in a rational way. To take our two previous 
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examples again, it means that Economics, while preserving 
its integrity as a discipline, should in our context lean 
towards a study of economic problems in developing coun¬ 
tries and in India in particular; and Sociology for our 
students must include, without being confined to,a study 
of the contemporary social structure of India and the 
situation caused by industrialisation. 

Course specifications such as these? and the over¬ 
riding necessity to present the subject matter in a stimu¬ 
lating and challenging way, make heavy demands on the staff; 
and the Humanities departments in our institutions need 
staff of the highest calibre. It is axiomatic that, in 
order to attract staff of this quality, we must provide 
for them the incentives of a fully-fledged department in 
which they will be given the opportunity to handle post¬ 
graduate classes and to pursue their own research. The 
department of Humanities must, as I said a moraent ago, have 
a status equal to any of the larger, if soon to be obsole¬ 
scent, departments of engineering it is to play its 
proper role. 

While talking about our Hunianities staff and their 
role in widening the education of our engineering students, 
it may be worth raentionirg in passing that there exists a 
corresponding need in arts faculties for a broadening of 
the education provided in them in order that all non-science 
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students should be introduced to the study of science and 
technology. From time to time ve hear warnings against 
over-specialisation - but for some reason this generally 
seems to mean technical or scientific over-specialisation. 
We live in a world increasingly fashioned for us by tech¬ 
nology and science; and no arts or social science 
graduate can consider himself either an educated man or a 
fully equipped citizen if he has no appreciation of the 
application of these studies in our daily lives, if he is 
unaware of the processes of scientific method, if he is 
ignorant of the nature of technological advance. This 
need for giving the non-specialist an insight into the 
philosophy, history and methodology of sciencf- is perhaps 
more often recognised than adequately met - let us hope 
that there is somewhere a mirror image of our session 
here today in which a scientist is explainln;^ to an 
audience of arts lecturers his idea of the role of 
scientific and technological studies in humanistic 
education. This is not entirely by the way, because ther% 
is by no means any unanimity about the desirability of an 
inter-disciplinary education, about the need for breadth 
in higher studies to avoid over-specialisation, or about 
the value of cultivating vride interests and abilities 
rather than narrovring down imagination and attitudes. 

It was with some chagrin that I learnt that one of the 
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engineering departments in my own Institute was recommen¬ 
ding that its students should in their final year confine 
their choice of elective subjects to their own specialisa¬ 
tion. There is obviously more than one school of thought 
about the aims of our technological education. 

Some factors which might influence us in selecting 
disciplines appropriate to the role of our Humanities 
course have been suggested - but no selection can be made 
which will be appropriate to all institutions; nor is it 
desirable that it should be so. Provided that the staff 
are of the calibre required, it is more important that 
they should bring their own specialisations to life for 
the students, that they should make the study of them 
a truly educative e:<perienee, rather than that they should 
try to conform to a uniform pattern of syllabus. Most 
colleges have evolved for themselves a workable combination 
of the social sciences from such well-estsblished disci¬ 
plines asfEconomics, Psychology, Political -Science, 
Sociology and History (this last being, I feel, a candi¬ 
date for the Humanities as well). There is, hovrever, less 
justification for the inclusion of certain 'professional 
studies* which have latterly encroached upon the already 
meagre time allocation of our socio-humanistic courses. 

The provision of a 'Professional background' is no part 
of the role of the Humanities in engineering education; 
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and although programmes such as Management Studies or 
Industrial Admini strati on may make our students more compe¬ 
tent employees, they will not serve to broaden their educa¬ 
tion to any marked degree. The maturity required for a 
proper appreciation of such studies, and the background 
of experience which alone can make them meaningful, suggest 
that they would be better offered as Post-Graduate or 
Diploma specialisations rather than as undergraduate 
COUP se s. 

A final word now about the Humanities courses them- 
selves — the normative disciplines discussed earlier — of 
which language and literature, philosophy, the fine arts 
and, perhaps, history are the main examples. Applying 
only the criteria of relevance and utility/, it is more 
difficult to justify these as suitable disciplines for 
engineers than the social sciences, whose subject matter 
is bound to impinge at some points on industry and indu¬ 
strial society. Yet they must remain as the core of our 
Humanities course if the role of that course as we have 
defined it is to be fialfilled - if we are to succeed in 
providing our students with some independence of judgment, 
with the faculty ^of critical appreciation, with the 
ability to evolve for themselves a systei:; of values in a 
changing world. Once again no pressiection of disciplines 
is indicated - but we cannot leave this topic without some 
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reference to the special position of English in engineering 
education in India. 

It is necessary/ to be quite clear about the two 
separate functions of what are generally called English 
studies. For most of our student engineers the study of 
English is purely and simply as a 'tool' subject to enable 
them to follow their technological studies without con¬ 
stant linguistic difficulties. This kind of language 
course bears much the same relationship to engineering as 
does mathematics - it is a supporting or service discipline - 
and it plays no part in the role for which we have cast 
Humanities. Only to the extent that an English course 
involves a study of English literature can it be appro¬ 
priately housed in a department of Humanities - English 
literature^ that is, which has not by definition to be 
a hundred years old but whicii includes the work of contem¬ 
porary writers. Indeed it would be possible to base en 
entire liberal education on a systematic study of 'great 
books' of literature in its widest sense inclutlirg the 
classics of philosophy, history, politics, theology and 
science - a study which would carry us from the oldest 
times down to the present day (I am not here attempting to 
compare or contrast the value of an English language 
course with one in English literature - the former is 
still a minimum essential for engineering education in 
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India - and proficiency in the language is necessary 
before a study of literature can play its role in the 
Humanities course). 

The role of the Humanities in engineering education 
as defined in this paper is capable of fulfilment only to 
the extent that one main danger is avoided - the danger 
already alluded to of superficiality of content and lack 
of rigour in presentation - the danger of supposing that 
these studies can serve their purpose by indoctrination 
instead of intellectual discipline. Having included 
these disciplines in our curriculum in order to open wider 
horizons to our students, let us remember that the 
Humanities can achieve their object only by virtue of 
their subject matter and of the ideas they present; and 
that these ideas can mould the minds of our students only 
to the extent that they are critically studied, evaluated 


and absorbed. 
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DISCUSSIONS 

R, SAOTEL s'aid that the speakers have pointed out that 
teaching humanities to Engineers would broaden their 
hori2on. He felt that there t^as a general lowering of 
standards at all levels in the Western World. He'sugge¬ 
sted that humanities should be studied in a coordinated 
way in keeping with the times. 

T. R. NhTISAN said that the teacher of humanities should 
be humanistic in his approach to the subject. He felt 
that they should be more humanitarian. In teaching huma- 
nitiesj there should be absolute freedom, ne also said 
the teachers must be in a position to inspire the students 
from a humanitarian angle. He suggested that regimenta¬ 
tion in education was the source of all evil and that affe¬ 
ction must be bestowed to receive affection. 

HARayAMA RaO suggested that hirnanicould be called 
moral science or moral Engineering, lie felt that It would 
be better if there was no exaraination in humanities. He 
also made a suggestion that Sanskrit might also be taught 
in colleges. 

S. T. NAGARaJA said that the developments of Technology 
and its fruits were for the human beings. He felt that 
it was unnecessary to worry about humanities. According 
to him, since an Engineer bad to leal with men, money 
and materials, he was no engineer, if he would not 
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^tiliss th€s€ pxop6i*ly, Hg ssid thst in tti6 sduc3tion of* 
an engineer the humanistic aspect was already incorporated 
and hence there was no need for a separate approach to 
humanities. 

S. Hiii'lA GOWDA said that the technologists and engineers in 
the quest of greater eonforts forgot one basic aspect - 
that they were men. He suggested that our syllabus, now 
being science and technology oriented, must be changed, 

D. KiiMiiLAhAf-JHAN said that the gap between the Humanities 
culture and Science - Technology culture was widening. 

A recourse to greater quantum of humanities in Engineering 
institutions would curtail ov^^r-specialisation. He also 
said that since it was unpalatable to Engineering students, 
it would be better not to introduce any subject of 
humanities. 

V.C. KULiiNDAlSW aMT raised the question as to tl-ie quantum 
of humanities in Engineering Education. He said that 
after having decided this, we should decide the levels at 
which this quantum Is to be offered. Pie said that the 
American Society for Engin'^cring Education had gone into 
this question and had decided that humanities must be 
taught over the entire neriod of Engineering education, 
According to him, they apportioned SO'1 of the total time 
spent to humanities, 35*^ of basic sciences, to 
Engineering Sciences and 35'^ to Analysis and Design. 
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D.H. NUTTiiL in his summing up remarfcecl that humanities 
discipline must be spread over the vhcle period of Engi¬ 
neering education. He suggested that the time aspect and 
content of syllabus was to be decided by educators or 
committees from time to time depending upon the prevailing 
conditions. He warned that India was also in danger of 
becoming over - materialistic and that this must be 
guarded against. 

Humanities could not be called moral science as the 
approach and objective of the former is different, 
i^bolition of examination would not be possible as it will 
remove the importance of the subject. 

He was gratified to note that there was a greater 
interest to the incorporating of humanities in Engineering 
Education. 





CURRiaJLm4 OBJECTIVES IN REDiTION TO LiiBORaTORIES 
V. KALYANARAMfvN 

The jrabject of my talk is oarriculurn objectives in 
relation to laboratories. I propose to say a fev words 
about curriculum and then the function of laboratories in 
so far as they contribute to the understanding of the 
various subjects in the curriculum. I do not propose to 
say anything about the actual conduct of laboratory classes. 

Technical education is one of the most sought out 
fields of activity of the present generation. A number 
of courses are offered in different branches of Enginee¬ 
ring and Technology in colleges and polytechni.cs to degree 
and diploma standards. The co;-.,':ent of the Engineering 
curriculum of these courses bus to ]je worked out after 
arriving at a clear understanding of the objectives of 
such a technical education. These objectives are based 
on the technical and social responsibilities that must be 
assumed by graduates expecting to enter the engineering 
profession in this tountry. The engineering activities 
for which we will Le training the enginee.ring graduates 
will be varied and many. Engineers may be concerned with 
basic scientific research at one extreme and practical 
application, use and maintenance of systems and devices 
at the other. Between these extremes engineers are also 
concerned with the functions of de-elcpment, test, 
evaluation, manufacture and marketing. It is clear that 
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an education which is best for one type of activity is not 
necessarily suited for another. /Jhen we think of enginee¬ 
ring curriculum, the remarks of the Secretary of aSCE in 
Civil Engineering October 1964 X'jill not be out of place 
here. 


’’There is growing concern within the older branches 
of engineering with the change in emphasis in engineering 
education that affects the balance between science and 
technology. For a decade or more this emphasis has been 
moving steadily in the direction of engineering sciences, 
largely as a result of an attempt to standardise the edu¬ 
cation of all engineers. The desire of many schools 
today to cater to the sophistication of electronics, nucl¬ 
eonics and space science is taking a reattionary turn in 
the fields of Civil, Mechanical and Mining Engineering 
and possibly in other branches”. 

The electrical engineer of 1950 was primarily engaged 
in the production and distribution of electric power and 
radio communication was in its infancy. To-day the 
’’product mix” of the Electrical Engineering is dominated 
by electronics as applied to such innovations as tele- 
\’'ision, computer design and automation. In thi s extreme 
transition it has become necessary to convert the 
electrical engineer to an electrical physicist. 
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In Civil Engineering, on the other hand, the change 
in “product mix" has not been so pronounced through the 
years. True, the bridges, dams, water and sewage works, 
buildings and special structures today are frequently 
larger and more complex. It is true also that there 
have been notable advances in computer application tech¬ 
niques and in the mechanlce of soils, fluids and stress 
analysis. But the changing demands of project develop¬ 
ment and the advance in technique have not required the 
revolution in civil engineering education that has taken 
place at some institutions to accommodate the changes in 
other engineering disciplines. 

In 1930 the four year Civil Engineering graduate was 
admittedly deficient in mathematics, engineering mechanics, 
economics etc. He was well prepared hoxirever in design 
technology. Today the recipient of a bachelor degree in 
civil engineering is likely to lack basic training in 
engineering design as well as economics, communication. 

In view of this he i s expected to be better equipped in 
mathematics and engineering mechanics. Thus the enginee¬ 
ring curriculum goes on changing. Perhaps in a deve¬ 
loping country an education with emphasis on design, 
application and current practice would be useful to 
obtain the highest productivity, economy and efficiency. 
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important components of an engineering Tjurri^ 
culnm are the basic sciences, the engineering sciences, 
the engineering analysis and design, the engineering 
laboratories, the technical courses outside the major 
field, humanities and social studies, 

The basic sciences which are considered as the 
foundation of engineering are Mathematics, Physics, and 
Ghemistry, 

Engineering Sciences comprise the following fields: 
(l) mechanics and properties and strength of mate ria]s 
Cs) Fluid mechanics, Cs)Thermodynamlcs, ( 4 ) Electrical 
theory (fields, circuits, and ' lectroni cs). Analysis, 
design and development of engineering systems are the 
most distinctive features of engineering curricula. The 
Committee of Evaluation of Engineering education of the 
itmerican Society for Engineering Education states "The 
capacity of design includes more than mere technical com¬ 
petence. It involves a willingness to attack a situa¬ 
tion never seen before and for which data are often 
incomplete. It also includes an acceptance of full 
responsibility for solving the problem on professional 
basis". This portion of the engineering curricula 
demands our attention. 
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Next comes engineering laboratories. Laboratory 
exercises are expected to accomplish the followings 

1) To substantiate theory which has been presented 
in text and lectures. 

2) To teach the experimental method, which is to 
observe phenomena and seek explanations. 

3) To concern with the art of measurement including 
analysis of accuracy, precision and errors. 

4) To develop skill in the written presentation of 
engineering information. 

5) To develop in the students a degree of self 
reliance and ingenuity and a chance to demonstrate 
resourcefulness. 

6) To promote the teacher-student relationship. 

7) To develop in the student a spirit of accomplish¬ 
ment through team effort. 

The ii.S.E.E. report states "The laboratory is the 
means of teaching experimental method. It should give tfte 
student the opportunity to observe phenomena and seek 
explanations, to test theories and note contradictions, 
to device experiments which will yield essential data 
and to interpret results. Therefore laboratories should 
be used only v^here these aims are being sought. The 
value of a set number of sterotyped experiments is 
questionable. 
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The value of a set number of smaller number of appropriate 
experimental problems by the students themselves under 
effective guidance -will have much greater educational 
value. 

All of us knot,^ that laboratories are necessa ry 
and that lectufce and laboratory are complimentary to 
each other, ^11 of us know that adequate laboratory 
experience is necessary for developing a well-prepared 
student engineer. Subjects like Surveying require con¬ 
siderable amount of practical work, whfcch one may call as 
laboratory work. When curriculum is drawn up for such 
subjects this aspect should be remembered. However 
motivation is as variable as the wind. Hany individuals 
voluntarily undertake the effort to educate themselves. 
Others require more or less encouragement. Laboratory 
work generally generates action in the individual to the 
end that he may utilise the available opportunities in 
the laboratory for improving his fund of knowledge. 

There are two basic patterns to the conduct of 
laboratory programmes. These two patterns may be 
stated as followss 

l) the development of a sequence of laboratory 
exercises which are presented with step by 
step Instructions as a guide for the studdnt. 
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2) iinother pattern is the type of programme where 
the end results only are specified and a labo¬ 
ratory group is permitted to plan the test, 
select the equipment and carry out its own 
project. 

In the undergraduate course in the early stages, 
perhaps the first pattern is to be preferred. For good 
results it is necessary that the laboratory work should 
follow a parallel course with class room lectures. For 
example, when flow through pipes is being dealt with in 
lectures the laboratory work should deal with the deter¬ 
mination of friction factor. This may be difficult when 
S large number of students have to be handled. When the 
equipment is limited, it may become neoessnry to do ex¬ 
periments even before the topic is covered in theory 
classes. This procedure only enables the student to do 
the experiments mechanically v/ithout under standing the 
full significance. Therefore, careful planning of the 
proper sequence of the experiments is necessary. It 
will be an advantage if the teacher who lectures also 
handles the laboratory class. This ensures co-ordination 
between the two phases of the same subject, lecture and 
laboratory work and there is more contact between the 
student and teacher. This gives an opportunity to the 
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student to approach the teacher to have his doubts cleared. 
The familiarity brought about by greater contacts will 
often generate greater enthusiasm, on the part of the 
student for his study. 

Further laboratory work develops in the student a 
spirit of team work. It is usual in a laboratory that 
the work of various parties of students are pooled toge¬ 
ther before the final results are tabulated. Thus, an 
engineering laboratory provides an arena where co-ordina¬ 
tion and team work in group effort may be developed.This 
experience may be useful later, when the individual goes 
to work in a project. 

Some of the laboratory programmes may become less 
and less effective with the passage of years. Some times 
experiments are simply devised to keep the students busy 
and to give experiments to a large group of students. An 
example is tests cn a number of centrifugal pumps whose 
principle of operation is the .same and the only virtue 
they possess is they are made by different manufacturers. 
Students' time should not be consumed in repetitive and 
routine jobs. Whenever students carry out experiments 
they should take readings carefully and calculations 
should be completed there itself, dppnlts obtained 
should also be inte.rpreted Cs^refully wherever possible 
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graphical representation of the results will be very help¬ 
ful. The students should cultivate the habit of analysing 
the results as objectively as possible. In this context, 
’the remarks of John R. Freeman may not be out of places 

” I have seen so much of the danger arising from 
presenting results or rules involving variable co-effici¬ 
ent in the form of algebraic formulas which the hurried or 
careless worker may use far beyond the limit of experi¬ 
mental determination that I present the results mainly in 
the form of plotted curves which cannot be thus misused 
and xvhich clearly shov? the margin of uncertainty and the 
limitations of the data‘'„ To develop an effective labora¬ 
tory programme, it is very necessary that the student 
comes to the laboratory well prepared to carry out the 
experiments and goes about his work rne-.thcdicalLy with 
an enquiring mind, 

In order that the students may get the maximum 
benefit out of the laboratories the laljoratory teacher 
has to satisfy the following requisites. The teacher 
ehould feel he is teaching the students and should take 
3 personal interest. He should provide inspiration, 
incentive, encouragement and help, to Individual student, 
ke must have the equipment fully prepare'’: and have the 
Programme fully planned. He must demand honesty, preci¬ 
sion and care from student'’_, emphasise keen observation 
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and promote iaquislt.!";? attitude. Hs inu'^t ur' enunusiastic 
and try to be one ol the p.tuvientr hiuself. He should not 

pretend to fcnow G;rerythins- 

While In the early stages, laborator;; work must be 
so designed as to supplement what is done in the lecture 
class, in the senior classes, laboratory must be used as a 
place to develop student initiative and responsibility. It 
must be used as a place cf lorrning rather than to do 
specific expsrlrr-ents to verify theoretical conclusions. 

With proper guidance the student should b'^ allowed to use 
his initiative and ingeninty to experiment and report 
worthwhile infcrmatiou rbtri-e.:. ^he emphasis must be on 
approach to new nroblems, "he student must be encouraged 
to gain confidence to stvaci new rrorlemiSr Iw ooni'. lux/e. 

sities, project vrork xs gjJ.'cn ..n t ix j-rji 

The project work r.rve;: slrn^.n j.urpof- ns the laboratory 

work. Tlii3 giver an •pporbunity to the -tudenu to employ 

what he has leu rued durn.i-r- hi. - o 

As regards ciulpmuv: in r 'Jaborstory, it is uov 
necessary that a Intoratory .^houla h.--ve. ros'ciy ana sonni- 

sticated cqulFmenl:. Th.e g.ni-ral tendency is tc use simple 

.^,,.,-3- s‘vvT-= ethrrld be good vorksheps 
and inexpensive eqaipmxn-.. .‘■h- i . cnouiu 

t u ^ .r j- —I.- '^p Vo^^i 0***'“ to 11 br 1e 

available nearby wnm? x- =iu, 

X • ‘ '•’t■■'dent should be 

some of the equiF.r:ont,c r-.-qu..-•■-u. ...-cn. 

1 + /■ - -- ■ o c'i\]j T','~ t.t' . ’’hnile in the 

encouraged to uev.. su. ...... x-*.- 
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initial stages, this may be difficult, in the long run 
this will pay dividends. If research projects are to be 
taken up in laboratbries, the laboratory staff should be 
able to give necessary help in the proper instrumentation 
In many cases, suitable instruments have beer devised 
then and there for measurement purposes. It is not alway 
possible to buy instruments in the market and use them 
straightway. 

Before I conclude, please permit me to quote Louis 
Pa steur; 

"Take interest, I implore you, in those sacred 
dxvellings which one designates by the expressive term” 
'laboratories'. Demand tfiat they be multiplied, that 
they be adorned. These are the temples of the future - 
temples of well-being and of iiappiness. There It is that 
humanity grows greater, stronger, bettei''. 

I thank you for you” patient hearing. 
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DISaTSSICN; 

H. ■SiiPIUEL said that the objectives of laboratories were: 

1) To make the student understand the functions of 
the equipment and gain confidence, and 

8) To improve the desirn of certain equipments, 

•3) To acquire analytical skill of the experimental 
results, and 

4) To gain a humanistic approach to various problems. 
NoM. JANildjHAN’ said that in his talk, the speaker has 
stated that the desire of many schools to-day to cater 
to the sophistication of Electronics, cl conics and 
space science is taking a reactionary turn in the fields 
of Oivil, Mechanical and Mining Engineering and possibly 
in other branches. Ke felt that it should be called 
revolutionary turn and not reactionary turn. He stated 
that electronic circuit theory was not much different from 
Electrical Theory. He felt that they should not be diffe¬ 
rentiated. 

Md. SIJLAlMall said that the students must be siven a com¬ 
plete set of experiments on one particular equipment it¬ 
self instead of repeating the same experiment on a 
variety of similar equipment. 

H.N, NARiyAHA RilO said that the laboratories should serve 
as a place for exchange cf knowledge of information. 
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H,S. bHIViiS'-ifiLTiY remarked that 


the laboratory should not be 


rele^jated to a place of only examination importance. The 
Government should take the responsibility of manufacturing 
all the equipment required by the laboratories. According 


to him laboratory must be a place of practical training. 

ToR. NATEJaM said tnat abolition of examinations in Labo¬ 
ratory work would be deterimental to the education of the 
student as he would not show any interest in practical xvork. 

He suggested that the staff teaching the subject 
should accompany the student to the laboratories also, as 
theory and practice should go hand in hand. He said that 
large number of experiments in laboratories would help, 
correlate theory and practice. 

K, VETOATASIJBiL-Ji‘A>TlAM ,<.aid that laboratories should be 
equipped, with the same equipment, that ti-e student would 
encounter in practice. 

T.S, S4aMY remarked that project work would serve as 


someting more than the laboratories since in the fo'^mer 
originality is given a place. He felt that design of 
instruments would probably be more useful for successful 


research, 

E.C, CHaNDRASIKaRaM felt that students must be made to 
come into contact with the e.quipment freely. According 
to him, unless the students have a clear idea of the 
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laboratory oqulpoeot, they vox,Id not be able to devise „ev 
instruments must be encouraged. 

G. EKAI-IBAPuiM said that a well urcriar.« i i , 

well prepared laboratory manual 

should be placed before the student. 

V.c. WL^msaSMm saU that all problem, of E„gi„.eriog 
are problems of prediction. Recording to hi., the obieot 
Of laboratory work was to Introduce to the Engineer the 
method of aoqulrl.og knowledge by eccperlmentatlor, 

He remarked that to that ertent, the student should be 
capable of colieotlng data, analyse the. critically, and 
draw conclnslcns and present a report. In his opinion 

laboratory was a place where the student should learn to 

appreciate accuracy m measurement. 

So NilHAfAM BEAT cno-fp^+^.i f, 

^Uio,.oeoted that unnece,?sar ,7 laboratory work 

must be avoided by a coordination of Professors of all 
branches, 

A.P, riRTHUx^ said that the laboratories could be divided 
into two class6ss 

1. Laboratories which provided only certain data or 
information. 

2. Laboratories which needed a knowledge of equip¬ 
ment in a complete aspect for their functioning, a diagnosis 
of defects in them and the methods for restoration. Hence, 

-tudt.nt who went to the second category of labora- 
ie.. should be able to look at the equipment from all 
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those three aspects^ construction, defects and tests for 
proper functioning. He suggested that students should be 
provided with standard results so that he can compare 
his own and offer remarks on any vagaries. 

Another of his suggestion was that a questionnaire 
and details regarding the data to be taken should be fur¬ 
nished to the student and a tabulsr statetnent might be 
furnished for each experiment done. In his mn opinion 
the object of laboratory training was to devise methods 
of experimentation to arrive at the defects of equipment. 

He also suggested that concentrated laboratory work 
over two or threeweeks during an academic year might be 
thought of. In his summing up, V, Kalyanaraman said 
that changes in curriculum were only reactionary and not 
revolutionary. He also said that it was the view of 
many eminent Engineers that electronics must be a seperate 
discipline, distinct from Electrical Engineering. He 
reiterated that the laboratory could not be a place f or 
practical training. According to him it should help the 
student for an analytical design approach to all problems. 
He felt that the suggestion of concentrated Laboratory 
work should be examined carefully. 



PHEPilRATIOI'J OF LiiBORATORY EXPERINIEMT 
T.S. miKATii>RiiI4i'i.NAN 

need for and objectives of LiiBORATORY TRi'lINIWG; 

"Engineering Is the profession in vrhich a knowledge 
of the mathematical and natural sciences gained by study, 
experience and practice, is applied with judgement, to 
develop ways to utilise economically, the materials and 
forces of nature for the progressive use of man kind". 

To the extent the engineer over designs his structure or 
mechanism, he is magnifying his cost unjustifiably,whicn 
is not good engineering. To the extent he fails to forsee 
and allow adequately for adverse factors, he jeopardises 
both the usefulness and safety of his structure and like¬ 
wise his professional standing. Ey superimposing certain 
mathematical techniques, his own judgement and constructive 
imagination on accepted rules of good practice - the 
accumulated experience of his professional predecessors - 
the engineer achieves a balance between too good and too 
poor. 

Forty or fifty years ago progress was perhaps made 
by trial and error. To-day many problems are studied in 
detail before designs of new structures or machines are 
accepted. Any favourable characteristic? which may exist 
can therefore by exploited to their utmost, and faults 
eliminated. Many investigations are carried out 
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experimentally and require a good laboratory technique to 
reach satisfactory conclusions. 

The engineer has therefore to be properly educated 
to meet all exacting conditions he may be exposed to, in 
his career. He should not only have adequate mathematical 
and scientific knowledge, but should also be educated to 
use that knowledge to suit conditions on hand. It is in 
developing this judgement, that practical experience 
counts. A beginning in the acquisition of such an expe¬ 
rience can be made in the laboratories and workshops of 
the College, though they have, of course, their limita¬ 
tions. There is a philosophy to-day, that there are two 
objectives in engineering education, - namely, training 
in the engineering sciences and training for professional 
engineering, and that each differs considerably from the 
other, both in the objectives, and disciplines required 
for success. Whiehever of the tvro objectives one has in 
view, the capacity of the engineering student should be 
so developed, that, when faced with a new and unfamiliar 
situation he must be able to handle it with competence. 

Mathematics! res'^arch or analysis is invariably 
ahead of experimental practice. But, in many cases, the 
last word can be said only after experimental verifica¬ 
tion by a laboratory or full scale test. One has a 
better grip or confidence in the final result, in 



complicated and unfamiliar circumstances, after an experi¬ 
mental verification, before important decisions are taken 
on an engineering probject of great cost and consequence. 
For one who has not tasted sugar, it is better to actually 
put a few grains of it in his month, than read all about 
it. One may have read that mild steel obeys Hooke’s law. 
But it will be real education to see a 2 inch diameter 
mild steel rod subjected to tensile force extend in 
length and get back to the original length like a piece 
of rubber, when the force is released. If the pulling 
force is increased to break it into two pieces, it will 
be greater education to note that ultimately its length 
near the breaking zone has increased permanently by as 
much as 25'^ of its original length. Many such simple 
examples can be cited. 

I have taken some pains to show that laboratory 
training is necessary to an engineering student, because, 

I find that there Isa tendency on the part of some, to 
reject certain disciplines like surveying, drawing, and 
even laboratory training as superfluous, or time wasting. 
There is a suggestion to substitute the laboratory classes 
by visual education classes, and screening the details of 
experiments including report writing. It is claimed that 
time and cost are saved tiippeoy. This will not suit con¬ 
ditions in our country, where- few of the toys choosing an 
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engineering career have had opportunities to develop the 
proper bias, and perhaps haxre not handled many tools, not 
to speak of machines or delicate instruments, before 
joining the engineering college. If this method of impar¬ 
ting laboratory instruction is adopted, their engineering 
knowledge will be divorced from first hand knowledge and 
be completely bookish. 

The objectives of laboratory training may be summed 
up as follows; 

i) to substantiate the theory triiich has been 
presented in texts and lectures; 

ii) means of teaching experimental method; 

iii) learn to set up an experiment for ordinary or 
research purposes; 

iv) recognise variables; 

v) develop the technique of measurement including 
analysis of accuracy - precision - and errors - apprecia¬ 
tion of degrees of accuracy; 

Vi) application of statistical methods in the analysis 
of varying results; 

vii) a medium through which the student develops a 
degree of self- reliance, ingenuity and judgment; 

viii) cultivate team spirit in the solution of problems; 

ix) report writing. 
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Whrther It be In the undergraduate or poet-graduate 
olaseee, theee are the main objectives. The difference Is 
only in the nature of the complexity of the problem, and 

hence, the number and duration of tests, and report writing. 

PHEPARATIOi’IS REQUIRED; 

The question then arises as to how these objectives 
are to be achieved, and what are the preparations required 
therefor. The three factors which are Involved and which 
will Influence the .quality of the achievement win be 
i) the student 
11) the teacher 
ill) the equipment 

and each one of these should be properly prepared to ensure 
satisfactory realisation of the objectives. 

THE STUDENT! 


student participation is as important in laboratory 
classes as in any other class. Of course, conditions 
ohould be created in which the student will find it inte¬ 
resting and fruitful to participate. In thi.e direction, 
a good laboratory manual will be of great help. The manual 
ehould be written for the labo.ratory conditions, by the 
te.^chers who have themselx/es conducted the various experi¬ 
ments. The manual should be helpful in training the 
student to observe, think, react, and encourage him to 
write clear and meaningful repo.rts. The student should be 
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told in advance as to what experiments he has to do in the 
course of the term, or year, so that he nay come prepared 
to the class. Tabular forms for recording data may be 
furnished to the student, but he should also be trained 
to do this on his own, particularly in the higher classes. 

The grumbling sometimes heard about "the time 
honoured cycle of experiments" either from the student,or 
the teacher, is a negative approach and is unhelpful, 
jlistinction must be made between 'experiment'and 'test', 


although they are generally used loosely to mean the same 
thing. 'Experiment' involves the idea that the outcome 
may be uncertain, and hithorto unknowrn results mav be 
forthcoming. 'Testing' involves the idea of a more or 
less established procedure and that the limits of the 
results are generally defined. Experiments planned on 
a large scale (as in the post-graduate courses, and 
research) ordinarily involves many routine test s.Although 
the purpose, point of view, and method of attack ma^^ 


differ widely between research work and routine laboratory 
work, (as in under-graduate laboratories) many of the 
detailed procedures may be the same in both cases. The 
student who takes up research should be familiar vrith all 
the "routine" tests and he must have been trained in them. 
It must be accepted, that too much novelty and excitement 
cannot be expected in them, as for instance, in ' shootin.? 
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rockets into space'. The engineering student in these 
initial stages of laboratory training, is like a child, 

■who must learn to roll on his side, crawl, sit up, stand 
and walk before he can run. 

In the post-graduate and research laboratories, as 
has been explained already, there is room for widen varie¬ 
ty of tests, instrumentation, greater opportunity for the 
student to use his ingenuity in designing the experiment, 
take readings and drawing his ownn conclusions. There is 
scope for some novelty and excitement, but it must be 
understood, even then, that there will have to be a lot 
of perspiration as well. A research worker, who has no 
patience, and love for his t^ork will achieve nothing worth¬ 
while. Without proper interest and motivation in the 
student, nothing useful will result. What is being done 
in the undergraduate classes, is the necessary training 
ground to what he may have to do later, 

TI-IE TEAGIiEH? 

The sincerity and patience of the teacher, and his 
ability to teach and guide the student in iiis work, are 
particularly important in a laboratory. Ke should be 
personal, having to deal with smaller numbers of students 
at closer quarters. He must himself know all about the 
tests. The tests should be designed to suit the liraita- 
tations of time, skill, equipraent, cost and its effectivene 
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in helping the student to learn the fundamentals of the 
subject. Ihe questions to be considered in the design of 
tests ares 

i) What is the nature of the answer sought? 

ii) V.fhat test can be made to provide the answer? 

iii) How will the test results be related to 


performance? 

iv) W'hat are the limitations of the type of test 
selected? Hoes it measure adequately a property that is 
sufficiently basic and representative, that the results 
can be used directly in design? Or the test even though 
arbitrary, serves to identify materials and ore only of 
comparative value? 

v) How should be precision of the work be adjusted 

in accordance with the limitations? 

vi) What type of specimen is best suited for the test? 

vii) How many tests (or samples) are necessary to 
obtain representative results? 

These points should be borne in mind and tests 
(or experiments) should be selected, and so arranged that 
It Is possible for the student to complete the test with¬ 
in the time prescribed, get his results checked by the 
teacher, repeat if necessary, and write up the report 
also. The Class should be split up Into squads consisting 

than 2 students in each, for 


of ordinarily not more 
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proper effect. Some te^^ts, which involve a number of 
repetitions, may be broken up and given to the different 
squads. To cits a simple example, if the effect of water- 
cement ratio on the strength of cement concrete is to be 
studied, the different squads in a class raay be assigned 
a particular water cement ratio, for investigation, but, 
the results of all the squads may be pooled at the time 
of writing the re;jort. The report so written, will be 
complete, useful, informative, and help to initiate team 
spirit in laboratory work. sample report, showing the 
matter to be included, and form to be a dopted, including 
graphs and conclusions, may be shown to the students as 
a model, in the early stages of laboratory tiraining. 

Strict discipline should be maintained in the submission 
of laboratory reports in tine. 'Students who wer>e absent 
for any test, should be given opportunity to do them and 
catch up with the rest of class. 

EQUIPMEiri's 


The equipment ;’.r. a iauorntory requires as much 
preparation as the stuaent nncl the teacher. The adage 
"ii. bad workman complains with Iris tools” may be true. 
But, it cannot be gain raid that good tools are concomi¬ 
tant re good work. Cn,? ■■-■qu'ipffisnt for a laboratory 
should be selected carefully. Fcr the undergraduate 


course, it shouli be 


simple, piM-poseful and adequate 
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in number. There is no need for the so-called 'Unique' 
ones, which are overbig and duplicates of the latest in 
the Industry. They are not useful in teaching fundamen¬ 
tals. All equipment should be kept in good calibration. 
The teacher himself should be familiar with all of them. 
The principle of their working (particularly the compli¬ 
cated ones) should be explained by line diagrams and 
charts, and displayed on the wall close by, for easy 
reference. There should be adequate space all round each 
equipment (4' would be ideal) for students to move around 
it with safety. 

Equipment may be generally classified as 

i) General apparatus or machines 

ii) Devices for measurements 

iii) Those used for calibration, and adequate numbers 
of each of these and of proper range and quality, should be 
acquired, for the laboratory, depending upon the courses 
offered. 

In the post-graduate laboratory, more sophisticated 
equipment may be called for. Even here, a resourceful, 
and helpful teacher can rig up any device for a test, 
given certain basic equipment of the proper type. If 
the student has had a good grounding in conducting the 
various tests in his undergraduate laboratory, he can 
use his ingenuity in every aspect of his laboratory work 
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to tackle any engineering problem in his career, with mini¬ 
mum guidance. Taking the simple "Tesnion test on Metals'* 

I have indicated in Appendix I, the various points, the 
teacher should consider in the preparation of the experi¬ 
ment,so asto imprint a complete picture of the experiment 
in the mind of the student. 

CONCLUSION? 

Testing is a tool, even as mathematics and science 
are, to an engineer. Testing or experiments should not 
be used as a substitute for'thought, although it may be 
found that an appropriate experiment may aid in an analy¬ 
sis. Before a test is undertaken the purpose of the test 
should be understood and the general character of the 
results kept in mind, planned intelligently, anticipating 
all possible difficulties. The student must be trained 
to visualise what goes on behind the various operations 
of a test. For instance, in a structural test, he should 
be able to follow the prsths of stress, deformation, 
reactions etc. He should be taught to be aware of the 
opportunities for error and be ctuick to see them. 

The preparations for a laboratory experiment will 
therefore be found to be simple and at the same time 
complex. Preparation includes? 

i) design of laboratory buildings 

li) selection and installation of equipment 
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iii) keeping the equipment in good calibration 

iv) preparation of a good, brief, and useful manual 

v) adequate study by the students and staff before 
going to the laboratory 

vi) organising the laboratory experiment to keep up 
the interest of the student and rouse his curiosity 

vii) readiness to make changes in the laboratory 
procedure vrhen required 

viii) deputing adequate number of teachers in the 
laboratory (one teacher for 10 to 12 students is desirable) 

ix) Presence of senior members of staff to induce 
and advise on the efficient organisation and conduct of 
the laboratory classes. 

I have not dealt with the details of the actual 
conduct of experiments - report writing, grading etc., 
and I presume that they would be done under some other 
topic. 

May I, therefore, in conclusion invite your kind 
attention to the important requirements of an ’Engineer’ 
enunciated in the definition of ’an engineer' at the 
beginning of this talk, namely, knowledge of mathematics 
and engineering sciences, experience and judgment. 
Mathematics and engineering sciences can be learnt in 
lecture classes while, experience and judgment are to 
be acquired by oneself outside the lecture classes. 
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An engineering student, x^rho is really interested and 
motivated can get his first lessons in the acquisition 
of these qualities also (experience and judgment) in the 
laboratories, so that he will be better oriented to meet 
any situation in his career with skill, resourcefulness, 
dignity and leadership in the task of devising' efficient 
ways of utilising the materials and forces of nature for 
the progressive use of mankind. 

I thank the organisers of the Summer School for 
giving me the privilege and opportunity to share these 
few thoughts with members of the distinguished m:idiance 
to-day. 



APPEriDIX I 
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TENSION TEST ON MET.iL 

The following point? should be borne in mind in the 
preparation of the Experiment on "Tension Test on Metal". 
i’,IM ; 

To study the characteristics of a metal, subjected to 
increasing tensile force, in the elastic and plastic 
ranges and to determine the Young’s Modulus. Knowledge of 
these properties is necessary in selecting safe dimensions 
of a structure or part? of a machine. 

SELICTION OF MaTEHIAL; 

It is necessary that students should study first hand the 
characteristics of the iraportant and most used metals in 
engineering. The following metals may be chosen as repre¬ 
sentative: (i) Mild Stspl, (ii) High tension steel 
(iii) Cast iron, (iv) Copper (v) B^ass (vi) Aluminium. 
REQUIBEi-iENTi? OF THE TEST SPECIMEN: 

i) 'Shape: Ordinarily circular cross section though square 
or rectangular- cross sef.:tion may also be used, depending 
upon requirements. For important tests, the central part 
in the length of the specimen is reduced in cross section 
to ensure failure taking place in the central part, to 
facilitate study during test and for correct results. 

ii) Length of specimen required: The total length of the 
speci.m?n is made up of (i) The gauge length, (which is a 
factor of the diameter of ttje bar) varying from 2" to 8" 
ordinarily, depending upon the extensometer to be used. 



187 


til) the grip length regulrec on either elde vhlch again 

on the type of grip adopted oravallable (lii)the 

Shoulders (distance between end of grinc: end -anr 

^ncj sauge points) 

wioee function to prevent the effeote of the grlPe and 

change 1 „ diameter affecting the streea within the gauge 

length (minimum twice the diameter of the rod). 

(iii) The number of sDecim< 5 n fr, Ke^ u 

specimen to be chosen to confirm 

-produclMlity Of the results (ordinarily . apeolmens 
are indicated). 

THE CHOICE OP LOADIHG IjAaUNB; 

loading machine should suit the following conditions. 

i) Its range should be adequate to permit sufficient load 

being applied on the specimen to break it. 

ti) it must have suitable princ i 

=;,rips to accommodate the SDSei- 

men ends. The diffprpnf . 

£rip ends namely 

(a) the shouldered end Cb) threaded end (<-0 -i-k 

• vjueu end It; Lhe commercial 

tod With no special ends, have their purpose and the 
Choice of the particular type should be explained. 

Hi) For certain kinds of test the rate of loading Is 
.-peeifieJ (ror tension test, a movement of the cross 
head at 0.05" per minute is ordinarily prescribed)'lhe 

need for such regulation of thP nr i. d- 

L.if. Speed oi loading should 

be explained and such i. t i i 

-ucn .emulation should be possible on 

the machine. 
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CHOICE OF STHAIM GaUGE FOR THE EXPERIMENT: 

The various types of extensometers such as the mechanical 
type (of various kincJs) optical type^ and electrical 
types are available. The student should be instructed 
about all of them and the circumstances under which each 
of them are used - from the point of view of 

i) accuracy required 

ii) ease of operation 

iii) cost, consistent vrith the requirements of the 
pro;) ect 

iv) ability of the student to handle them. 

Having instructed the student on the choice of the speci¬ 
men and equipment, the procedure to be adopted can then 
be explained. 

OBSERV^iTIOMS: 

V/hat are the points to be observed? 

i) the dimensions of the specimen 

ii) marking the gauge points and measuring 
the distance between the points 

iii) Application of load and reading the 

straln-guage at specific leads (including 
removal of extensometer at the proper 
stage to avoid damage to it) i.e. near 
elastic limit. 


iv) Further measurements of load and elonga¬ 
tion till the failure of the specimen. 
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DiiTii TRLaTM^-NT,; 

i) Calculate etree? strain for each load upto 
failure. 

ii) Plot stress strain curve 

(a) to a bigi^er scale upto elastic limit. 

(b) to a smaller scSle the complete curve, 
marking the proportional limit, upper 
yield point, lower yield point, ultimate 
stress and breaking stress. 

ill) plot similar curves for the various metals 
on the same grap! for easy comparcitive study 
of the .charao-teristies of different metals, 
iv) Calculate tlae Young's Modulus, percentage of 
elongation, percentage of reduction of area, 
v) Let tiie student study th:e changes that have 
taken place between the guage length including 
the fractured surface end write a comparative 
n ot €. 

Questions should be frasied and answers obtained 
orally and by writing on some points indicated belox'TS 

i) the significance of cert<ain aspects of the test 
like the choice of the length of guage, strain 
gunge used, rate of loading etc. 
ii) The practical utility of tlie results obtained 


in the test 
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iii) Chances for errors to occur and how to avoid 
them. 

iv) Purpose of the determination of yield point, 

v) Hov to determine the yield point without 
calculation. 

vi) How to determine a reasonable yield point of 
metal which docs not show a definite yield 
point in the stress strain curve, 

vii) Explain the terms (a) ductile metal (b)brittle 
material and explain their characteristics 
with reference tc their stress strain curve 
and patter:-, of fracture in a tension test, 

viii) From the stress strain curve indicate the 

elastic region and plastic region and explain 
what hapnf-'ns to the specimen in those ranges. 


DISCUSSION ; 

S, said that it war not always essential that 

experiment's should be conducted only cn larger machines. 
Even with small nochines, good results could be ac.hieved. 
He suggested that examinations in labo’-atory work could 
be eliminated and attenicnce m^ide compuls.->r:. and that 
a certificate that a rtU'l'^nt has a'ctended all lad'joratory 
work might be given to cunlio:'' him for writln;" the theory 


examinations 
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S. SAl'iK^-iRtiLINGAI'i said that students should not get the 
idea that breakages would mean- heavy fineso The student 
should be free to handle all equipment with care. T'Jhen 
the students were in the Laboratory, he wanted the staff to 
take active part in their work or tests. Ke suggested 
that rigidity in the cycle of experiments should be avoi¬ 
ded, He was against abolition of examination in prac¬ 
tical s . 

Po PUHU-SnOTiliii-biN said that design of the laboratory itself 
should be done properly and that laboratories must be 
in small units, iiccording to him Laboratories need not 
be manned by degree iiolders and diploma holders would 
be enough. Me suggested that the position of laborato¬ 
ries, technicians must be improved and that duplication 
of equipment must be avoided. 

C.T. lRIRhMJLIJ said that experiments must be set up to 
motivate the student for la bo’’o tor-/ practice, Mupllca- 


tion 

of equipment 

could 

not br avoided 

wiicn institutions 

were 

large. Me si: 

If- g p 

d tliat student 

s should be trained 

both 

in sophist .lea 

!ted a.n 

‘ii common type < 

0 f: i p t ruent . In 


his opinion examinations in the practical classes could 
not be abolished. Me wnr againci: diplc.''ia holders being 
put in charge of lc.bcrr-tos.te r .is they cculd not b'- expected 
to teach the laborator:, rract ce. 
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A. 9:-iRGUNx-.M soiLd that the aim of the laboratory expe¬ 
riments was net only to Just conduct certain tests but 
develop the initiative to buill up experimental units. 

He was sorry th<at students did not interpret the results 
of tiaeir tests and that they were mainly examination 
minded. Le further sug^^'^ted that laboratories might 
be provided with a separate room where models of the 
ecjuipmentj charts; manufacturers* . leaflets etc. might 
be exhibited. He felt tiint Itjborotory manuals xfere very 
ne ce ssary. 


VIS''hi'LiTiiiib said that laboratories could be used to ini — 

^f^'I'a creative thinl-cing. He xslt that design of struc— 
turers et,;. by model studies in laboratories T^jould be 
a ijjOod addition to oiir i.indergrai"l’L.iate Laborrstorv work, 
lie sugge sted that exbe:=iments should be deviced to gain 
ideas of quality control. 

PaMILKaF; strcnglv felt riiat equipment avail abl'- an’ man’'u 
facturee! i^ India; '"Jijist be uti' !'j s.ed tc the maximum extent 
saving valuable foreign rxbhnnge. He suggested that 
there should be full cooperation between departments. 


In his summing up T.S. vriUui'T'AH-'JVJ'J said that 
it was not tl:e magnitude or size of the equipment 
in the laborcatories that matter; but if they could 


demonstrate the fundamentals even with small and modest 


equipment; it would be quite sufficient. 




193 


The examinations in Laboratory practice have their own 
value and if they were conducted properly, they would 
be useful, ii-ccording to him, examinations were necessary 
evils. 


He was of the opinion that mischief on the part of 
students should be watched and breakages purely out of 
playfulness or ignorance must be avoided. 

He said that separate sections for each laboratory 
would mean increased number of staff and that it would 
not be suitable for Indian conditions. He felt that only 
a B.E. Degree holder would be good for laboratory charge 
and that the laboratory provided a place for cdninistra~ 
tive experience and opportunity to clear all his doubts for 
his subjects. Duplication of machines ^vould be better 
to keep p-ice with advancement, and to provide experiments 
to the large number of students. central organisation 
in an institution should be entrusted with the task of 
maintenance. He said tijat destructive and non-destructive 
tests were necessar;.' in the curriculum and must be learnt 
by the students. He agreed that interest in the boy 
must be motivated. He felt that research in under¬ 
graduate laboratories at present is impossible due to 
lack of time and lack of staff. 
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He did not accept the suggestion that experiments 
should be deviced to gain ideas of quality control. 

He agreed that it was good to use indigenous equipment. 
But he warned that so long as they were not upto the 
standard, a standard foreign equipment should also be 


available. 



PREPiiRiiTION OP LABORilTORY EXPERIMENTS 
K. ACHUTIIaN ?IAIR 

-ii-ll laboratory work connected with the teaching of 
Engineering have certain basic objectives. Before 
dealing with the preparation of experiments we may 
briefly state some of these objectives as follows? 

1) To develop the experimental method of study 

2) To augment and complete theoretical aspects of 
Engineering Education 

3) To introduce the student to standard methods of 
measurement 

4) To cultivate a critical attitude towards all 
observations 

5) To foster creative ability 

6) To develop team spirit. 

The experiments have to be prepared with one or more of 
the above objectives in view. 

The f-'rst essential in preparing the experiments is 
to have a scheme of experimental work. No topic can be 
taught purely by laboratory experiments. There has to 
be some theoretical instruction. Generally speaking, 
stulents cannot carry through experiments adequately 
without theoretical background but one cannot be hard 


195 



196 


and fast about this. Some theory teaching is bound 
to benefit from prior knowledge of the practical situa¬ 
tions from which the theory arises. We hove also to 
take note of the fact that the number of students handled 
by the laboratory may be large as compared with available 
equipment and teaching staff. The best practical solu¬ 
tion will be to form the experiments into groups. Since 
our institutions generally have three terms in a year 
ve mny have at least one group of experiments per term. 
The first group may comprise simple experimentand the 
succeeding groups progressively more difficult ones. T o 
the extent possible, each group of experiments may be 
broadly related to the ropics being devalt with In the 
lecture classes. The experimt-nts in each group may fo rm 
a laboratory cycle, each student completing the experi¬ 
ments in turn, •d.fter the cycle is completed there may 
be one or more classes for those who happened to miss 
an experiment or wish to repeat sc.me experiment. This 
scheme of work can be exhibited in the laboratory so 
that each student knows vrhat experiment he has to do 
next and can be adequately prepared for it. 

h point to be considered is the number St students 
that should form a batch doing one experiment. Crowding 
of too many students on one experiment may mean that 
only one or two will do the actual experiment and 
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the others be loohers on. On the ether hand in 

some of the larger experiments, such as say a complete 
heat balance on a heat engine, a number of simultaneous 
observations may have to be made. This will require 
more students per batch, good plan will be to have 
more experiments of a simple nature in the first group 
with onlj; one student per experiment. The next group 
of experiments can have less number of more difficult 
experiments with 1 or three stulcnts per batch. The 
last ■'■roup of experiments mafv' consist of the larger 
experiments and each batch m.ny havr tiiree or four stu¬ 
dents. ^i-s the students in each batch have to work 
as a teain it i s better to let thcni form their own 
ba t che s. 


•‘•nc-tpAr point i about the n--ture of t'ie instruc¬ 
tions to be issued. hependance ..n mere or.':! instruc¬ 


tions has man-; ‘li radvonfcage 


1 -!- 


t ;l s :i mi) rct i chie t ( 


have one instructor per b-atcb and hence many stus'h-nts 
will be l‘'ft unoccupied whil--' the instructor moves from 
batch to batch, ‘^bc opposite extreme is vrhere the 
instructions are printed in book form and Ccicb student 
provides himself with one copy. These bocks are often 
bulky, costly and wasteful. There is also n lack of 


flexibility in using a printed book which cannot be 
readily modified to suit tiie vicitudes in the laboratory. 
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Jurther, however elaborate the written instructions, it 
Cviijnot be o, coRiplete substitute for the instructors A 
via media will be to have concise instruction sheets 
to go with each einjeriment by studyin-; which the student 
will be able to make a beginning. The instructor can 
supplement these instructions orally ns and vrhen nece- 
s’sary. It may be an advantage to have duplicate instruc¬ 
tion sheets whicLi the student con take hone with him to 
come prepared for the next experiment. 

In prcpa.ring the experiments care must be taken to 
see that each experiment carries its own message so that 
it v;ill give a chance to evoke the enthusiasm of the st u- 
dents. In other words the data must be capable of ana¬ 
lysis leading to some conclusions. If due either to 
faculty instr-uments or wrong rneasiiring techniques the 
results nr-'- misleading then thf message conveyed is 
false and the stuclent may be confused. 


practice t h a t h a s t o 


be discouraged is the repetition 


of the same experiments on different types of equipments. 
In defence of this practice the plea is often advanced 


that this will se-rve the -urpose of familiarising the 
students with different types of equipments. This plea 
is not valid because tlie laboratory is hardly the place 
for teaching the complexities of equipments. 
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This is the task for the stuJents themselves when they 
enter the profession. The laboratory has to devote 
more attention to the principles behind the functioning 
of various equipments rather than the details of their 
construction. Under these circumstances repetition 
virtually amounts to a mere padding up of the experiments 

li St. 


In general, i.fhlle dealing with stuJents at the 
undergraduate level, the preparation of the equipments 
required for the routine experiments and the ma’'n expe¬ 
rimental set up for the same will have to be the concern 
of the laboratorv staff and the instructor in-charge. 

The instructor in charge must check tlie equipments to 
see that there will be no major impediments and that the 
equipments will perform as expected, when the students 
report for the laboratory classes. If one experiment 
fails to function due to failure of tiie equipments it 
may interfere with the cycle of experiments and disrupt 
the work of the laboratory. 

In this connection, I v/ish to crave your pardon 
for yielding to a temptation to refc'r to our own experience 
in this dear old Institution f’O years ago. With the 
be.st will in the ■•rorld th-'’ instructor-in-charge could 
not get the obstinsto engines in thx' heat engine 
laboratory to start when an experiment was due. 
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This was a reflection on the types of equipments then 
available. As the laboratory classes used to precede the 
breakfast hour sometimes these classes served only to 
Increase our appetite for breakfast, after the heavy but 
unsuccessful manual exertions to get the engines started. 
Today's equipments are of course a far cry from the equip- 
ments of those days. 

While the main experimental set up may be already in 
position there will be scone for the student to choose 
some of the instruments such as thermometers pressure 
gauges etc. Some guidance and check from the instructor 
may be needed in choosinh instruments of the proper range 
and capacity. If the range is tco low the instrument may 
be damaged and if too high th'^- measurement errors may be 
too large and the experiment? may be vitiated. It may be 
difficult .for the student to calibrate each and every 
instrument used in an experiment. As a rule he must be ' 
furnished with properly calibrated instruments. Spring 
balances, pres,?ure gauges etc. .-ubjected to vibration may 
lose uheir calibration in a short time and they may have 
to be calibrated frequently to ,get proper results. The 
importance of calibration has to be brought home to the 
student. 

When deciding the methods of measuring the quanti¬ 
ties and the instruments to be used, consideration must 
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be given to the accuracy required and this requires that 
the end result is kept in mind rather than the quantity 
measured. Sometimes a large error in one quantity may 
have negligible effect on the result t,rhereas a small error 
in another quantity may cause serious error in the result. 
For example consider the simple case of a break horse 
power test on an engine in tehich, let us say, the tight 
side tension is 200 lbs. and the slackside tension is 
10 lbs. sc that the effective tension, on which depends 
the horse power, is 190 lbs. A 20 per cent error in 
observing the slackside tension may cause this to be read 
as 8 lbs. causing the difference to be recorded as 192 lbs. 
or an error of about in the Hourse Power. On the other 
hand even a 1'^ error in reading the tight side tension and 
hence the same it error in the final result. This indi¬ 
cates that in this example a .20t error in one and a it 
error in the other have the same effect on the final 
result. A fluctuation in the reading of the spring 
balance on the slack side will have negligible influence 
on the result ^^hereas a similar fluctuation in the 
reading of the tight side spring balance may completely 
vitiate the resuit and hence it may be worth replacing 
this spring balance by dead weights. This example shows 
the importance of taking care not only in the choice of 
the instruments but also in their proper disposition. 
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There must be a clear idea as to the actual data to 
be collected and which quantities are to be varied and 
which held constant. Plans should be made to collect all 
the data needed. Each observer taking part in the same 
experiment must have a complete and separate data sheet 
of his own. There must be a plan as to the number and 
length of the runs. Very often a certain minimum time 
will be required for conditions to become stable. If the 
thermal capacity of the devices used in the experiment 
is large the time required to attain stable conditions 
may be more. If the experimental set up is new, preli¬ 
minary trial runs to decide the length of each run may 
be a necessary preparation for the smooth progress of the 
experiment. 

Another point of importance in deciding the dura¬ 
tion of run is the measurement of total quantities 
involved in an G'/periraent, As an example consider the 
case of an experiment usually performed in the heat 
engines laboratory namely, an effjeiency test on a steam 
boiler. If the boiler is a coal fired one the test dura¬ 
tion may have to be a few hours to ensure that any 
possible changes 2.n the amount of coal within the 
furnace or of water in the boiler are insignificant in 
comparison with the total qu.;-int5 ties consumed during 
the test. 
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As the time available for any experiment is always 
limited and each run may take a certain minimum time,the 
number of runs may have necessarily to be limited. In 
planning the experiment this point is very often over¬ 
looked by the students. There is a tendency to collect 
a greater number of obser^^ation in the belief that a 
greater number of points will give a better graph. This 
is true only if all the observations are accurate. 

Where observations are to be made at stated inter¬ 
vals it is better to record time by hours and minutes of 
the day. This will give a better perspective on the 
experiment. Any omission to record the atmospheric 
pressure or ambient temperature during an experiment may 
be capable of being subsequently remedied to some extent 
ii the date and time of tho expcrr'ment had been recorded. 
It will however be prudent for observer to record 

the barometric and £.mbieiit teuiperj.tu.re during each expe¬ 
riment since they are required directly or indirectly in 
most work.. 

When the experiment is not of a routine nature but 
is carried out in connection with research work or at post 
graduate level, the approach has necessarily to be diffe¬ 
rent. daturally tiiere cannot be any dependence on instru¬ 
ction sheets or laboratory manucis. The students should 
make a thorough search of the literature. Although the 
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desired answers may not be found in literaiure, sufficient 
information may be uncovered for the best procedure to be 
adopted. There must be wide lattitude for the student in 
the choice of the experimental set up, the inetruments to 
be used and the procedure to be adopted. Meticulous care 
should be taken in calibrating all the instruments used 
in the experiments. In such experiments the equipments 
and instruments specially assembled for the purpose may 
have to be dismantled soon after and then it may not be 
possible to repeat the experimc^nt.. Hence special care 
must be taken to plan in advance r,o that all information 
that may have any conceivable use are collected during 
the experiment itself. 

The actual conduct of th<= erperlmeut, the analysis 
of the data ano preparing a record cf the experiment must 
be considered to be outside the scope of tnis paper 
devoted to preparation fc.'r r.-.per:;.^xr.t? and hence these 
need not be elaborated here. There is no doubt however 
that some thought given to these ’rhiie preparing for the 
experiment will be advantageous. For example the analysis 
and presentation of some data may be best done by the use 
of special graph caper. This must be readily available 
so that curves may be plotted, 5.f necessary even while 
the expei=iment is in progress. T'lie repert of an experi¬ 
ment may consist merely of filling up data in a printed 
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form or it may be specially written up* lach may have 
some advantages and disadvantages, ^^11 these aspects 
could be looked into even when preparing for the experi¬ 
ment so that maximum benefit can be derived from the 
experiment. 

DISCUSSION; 

L.V. NOTHSTINE pointed out that there could be a discus¬ 
sion on each laboratory itself. 

N.M. JANiiRDilANi-kN asked what sort of preparation is neces¬ 
sary for conducting experiments ir a laboratory. He won¬ 
dered whether the students should exercise their judgmient 
in selecting the equipment in strunent etc. or could the 
set up be ;;,iven to them and they be a rked to go ahead and 
find the results. 

n, Samuel said that the preparation of laboratory experi¬ 
ments could be divided into six suo-divislons» 

1) Planning experiments 

2) Formulation of design 

5) Equipment and instrumentation 

4) Assembly of equipment 

5) Observation 

6) iinolysis of results. 

Senior members of staff could decide (l) and (2), (3) 
and (4) can be done by Junior members of Laboratory staff? 
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(5) can be left to the Technicians, and (6) should be in 
the hands of Senior members of the staff. In his opinion, 
the problem is, whether the students should be trained to 
go through all the processes or it is sufficient if he 

knows hovr to draw his ovjn conclusions given the necessary 
data. 


He suggested that technicall^r qualified people need 
not be wasted in maintaining a laboratory. He said that 
such qualified people were needed only for (1) and (2) 

and that Diploma holders could be entrusted with other 
work, 


R/iJU said that it would not always be possible to 
simulate in the laboratory what was obtaining in practice. 
But he felt that an approach to it could be made. In his 
opinion it was not always possible to have an objective 
and plan the experiments. 


HAiiAYAi-iu BlitiT said tliat one of the 'things necessary 
for the experiment was a note book in which the student 
draws Lhe circuit diagram and notes the range of equip¬ 
ment. The student should draw the sketch of the equip¬ 
ment and ao everything himself. Ho cf the ooinion 
that tiie S'^udent must be encourated to set up a small 
laboratory in his oito home r.s a hooby. He suggested 
that experiments must be made intcresuing and attractive 
and that students should rot be allowed to take their 


reports home. 
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R.P. ARTiirjR said that certain amount of planning must be 
done to inform the students before hand so that he can 
come well prepared in theory. He suggested that every 
student must be well acquainted with the set up of the 
laboratory and its layout. Meaningless experiments should 
be avoided and they should not be introduced ^ust to 
engage the students. He felt that the students must be 
trained to note other items like instruments etc. which 
might not have a direct bearing on the experiment. 

U. SRIDHiiHa RiiO said that the laboratory must be properly 
designed to attract people or students into the labora¬ 
tory. He was of the opinion that proper foundations for 
engineS} suppression of noise, decrease of heat etc. 
would help the students to suend more time in the 
laboratory, 

A. SARGUMidd said that the end results or the aim could be 
specified and the student should be allowed to have his 
own approach. 

u. PEER MOHaj'IMED asked, whether the workshops could be 
considered a laboratory. He doubted whether the obje¬ 
ctives pointed out by the speaker were applicable to 
workshops. He felt that the present objectives seemed 
to produce workmen instead of engineers and that a diffe¬ 
rent orientation was necessary. 
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S. S.iIMIViiSaN said that th^re had been some discussion 
about who should conduct the laboratory class. In his 


opinion only the Senior Members of Staff must engage the 
students in the laboratory. He said that such had been 
the practice in the Electrical Laboratory. According to 
him, experienced staff only could know the various draw¬ 
backs of the student and cater to their needs. He was 
of the opinion that in Electrical Laboratories, certain 
amount of attention must be devoted to trouble shooting 


and safety aspects. 

in his summing up K. Achuthan Mair said that at 
the Undergraduate level, part of the selection of equip¬ 
ment should be done by the staff. 

He pointed out th.jt the division of the labours of 
running a laboratory experiment as laid out by d. Samuel 
already existed and that it was implied in any laboratory 
set up. He felt that the students should go through the 
process of collectin', data L-y onerimentation and that it 


mi.ght not be desiral.'-le to aek the students to analyse t|jje 
results from data furnished. 

He a.greed that the students must be given details 


of what lie nas to do in the next class, j* few ouestions 
thro\m at the students rcgardin.g his theory and prepara¬ 
tion for the class would definitely help. 

He felt that a class allocated for the set un of 
the laboratory would be useful. He agreed that it was 
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true that meaningless experiments must be avoided. He 
pointed out that the student got confused by such arranee— 
ment. The laboratory was not the place to study every 
complexity of a set up and that the spirit of the experi¬ 
ment must not be lost sight of. He agreed that a concise 
laboratory manual would be useful. 

He felt that it might not be possible to give the 
aim and allow the student to have his own approach, espe¬ 
cially with a larve number of students, ^icccrding to him, 
the re-orientation of the workshop training i/ould be good. 
Their objective was to drive in tne principles and not to 
turn them into technicians. 



OK Tl-iH PRO»;LCC MLT;-iOD IN DESIGN CCFriGES 
L,V. KOTHSTIKE 


Having e^cperlencgd various project approach eystems 
for achieving a learning situation It appears that the 
educational values Inherent therein should cause us to 
give it further serious consideration. Many have used 
project meohanlsms In many for.ms to get the desired expe¬ 
rience on the part of the student. To a far greater 
extent, often the real learning experience may have occurred 
after college In an "on the Job" situation. In some cases 

the experience may have been costly even though very well 
learnpd at the tirae. 

'A/hen the academic pPOGram i? completp and the grades 
are all recorded, what farther i.nfc.rroation does the com¬ 
pany inte.rviever seek to know? IV- wnnts to know how the 
prospective employee will fit into his org-anizati on or 
team of enf-.ineer how i.s his leadership? What is his 
ability to make decisions? .Does he depend on others'? Is 
he capable of original work? In otherwords, hi.- grades 
are okay but what are his real characte:-i.sti cs? 

-If the student is known well enough by his professor 
these characteristics may be ooourately described ar they 
exist. iiowev-:.p, wr ma-/ come to .realize thot the courses 
in his program were not particuinriy designed to develop 

any of the characteristics his interviewer is so keen 
about. 
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As subjects are outlined it is recognized that each 
contain so much '’material". In the prer-ure for increased 
content ir teci.nical and non-technical areas in all sub¬ 
jects the students move through the subjects faster than 
ever before. The increased use of visual aids, demon¬ 
stration techniques and better texts will improve our 
learning situations a great deal. In fact, by the time 
the engineering student is in the final year he tnll 
become very proficient as an assimilater of material. 

Tests for the assimilation g'ne”ally determine the stu¬ 
dents marks in the courses. jj-II toe frec|uently we learn 
that the iria.-'ks so obtained nay nave little index relation 
to the degree cf suvccess in professional life or the 
s t u d e n t' s a b 11 i t y t c d o e n g i r ^ r: g is o r k. 

Hotr.vat'lon:• of the stu.-lenl: ^hji.l.d ; lay a large part 
in tne con side rat ion ta;" course dc'-'i;-::, .'■■tudent who 
selects cngine'M-j n.'-; s hir fi,:.l’i uust certainly have some 
ciiaracteri ctics i'ii.-'-:- can ba ^■<'r co'.n:'. P’s; d. he must have a 


desire to b* creative fo’" 
creations. He mu s" have / 
and design. He must have 
and be corae qusJ: fied tho ^ 
like the opportuiiity to tr 
of our field are ambitious 
opportunity to d.^Tjon sr.;"sir-- 


ouris a fiell of engineered 
\-l.t n sreen int'resb for anal/sis 
felt th,at if h^- can just learn 
h' rar4 Jn the work and would 
y. The s'^lf-elected students 
ea ri' r r n i d sir ou s of t he 
ti '■ir ability to create and 
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design. Unfortunately, the curriculums have been so 
pressed for space that no home work is required as it has 
no effect in the present outmoded evaluation system. 

Actually, vre may see here a problem that is upon the 
entire field of professional engineering.We find it in many 
instances that others are planning projects and demanding 
the strategic and detail analysis of the engineer, 
ii^ctually the engineer is the professional who is scienti¬ 
fically trained and mathematically p-f-epared to be the 
planner and designer of complex projects and communities. 
The engineer planner is cap-ible of the sociological 
aspects of planning as well as the scientific, statisti¬ 
cal and matherantic-al -aspects. Further he is capable of 


knov/ing the fundamr ntals upon which rsew en''-''ineering deve¬ 
lopments can be based i&ich will give us greater progress 
in this field. Planning produced by non-scientifically 
educated people will certainly not provide the types of 
creative planning required by the modern day technolo¬ 


gically based and oriented society. 

Now let us turn to the discussion of project method 
for use in design courses. First, we are in bad straights 
for keeping the necessary design Cvourses in the enginee¬ 
ring curriculums. Due to ti;e orientation of most subjects 
engineering students are in their final year before they 
really confront o design situation. All too frequently 
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they are then fraught with perplexity. len't there an 
equation Where you can eolve for^'X" anJ ccae up with 
thie Jeeien? i.,, a rule there pot. The conception of 
n eolution must come to the student first. This conce¬ 
ption must he in form a„„ m material and It must he 

followed v/ith analysie for ■^trpnerfi-, 

'■ use, and suitable 

B pp0,1 rfincc~o Pu rthPr if wiiof* k 

It must be economically feasible 
and one must be able to construct It. 

consider all of these tnin.-s and to he Influenced 
t,ie,.,e -lilnss is to realize a much broader scope of 

pondera idlep than tl-'f-- -i-nni 

n th. .u-ual oiassrooB p.-obler,. Further, 

along with the pre ent p.-oblem of economics in the 

tenci.in* plant of the university, any ^tuvi tower,t ,, 

project methos of teaching cannot bear the error of 

increasing the teaching loads or In any way haereasing 

the cost per student credit hour. 

i Lj ny lnit(z r€ st i n ^ f cr <fn t*<* <? ^-l 

- - -ur .^x ,9U erh u op of 

ouch varied systems of teaching can he evolved. ' Each will 
cause varlej results an,l varied feedbaci.s. Host of all 
aevelopment of the oberacterlsties of the student shall L 
paramount. I„ .some respects vn- recognize the desirabi¬ 
lity for an ’intershlp" type experlem.e for engineers. 

Some will achieve a„ eycenent eypsrip-.oe in the first 

po.?i[:ion alo.n.; tin? Une whilr -.-g m-n > -i- --i 

"• will not.actually 

a dovelopniGnt of project uiothod appro,ach c,-:.n be of 
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uneqi^alled value il suitably developed in college 
cour ees. 

Let me describe a project method bp need in a 
civil engineering summer camp for a number of years and 
found highly effective. Tyro field parties of three men 
each lived in each cabin. A full complement of equip¬ 
ment was checked out to each party and in their keep for 
the sumraer. In the morning we liad a lecture hour- 
followed by a study problem hour. Ihen a second lecture 
on a different tonic followed by the fourth hour period 
of problems related to the second lecture.' In the’’ t 
af-t4rnooh 'the' party chiefs asse-rbied fifteen minutes 
early for the instruction an-’ a•-si-'-Tjraent of projects. 

The projects were designed tc- be cf onr-- aftpr’nnon -.lura¬ 
tion. 'i-here werp -a ffr-’' thrt went two after-noons and a 
couplf' tirvt ran three -afternoons. The point here is 
that the party chdefs receire-l all the '"nnent. To 

accomplish the mi .-"'ion they h-a .1 to relate the project 
to the other men of the party and decide on the method 
of att-aclt as well as the equipment that woul-d be 
required, This sy-'-tera turned out to be on^-’ of the 
most beneficial experiences for the men in camp. True 
enough some personality problems occurred and some by¬ 
passing was attempted but this worked itself cut soon. 
The men found they could work with weaker party chiefs 
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and that the weaker men could be a great value. 21eally 
the weaker men were developing at a faster rate than the 
already evp^rieneed men. The eystem really is responsible 
fo3- the great attainment of leadership experience. Fur- 
tiier, it achieved a high efficiency in developing field 
proficiency that had hithm-rto been a problem. 


The stutent':^ are eager to face thr- challenge of 
raakin- some decisionselectin . methods, and exploiting 
original situations with t;heir personal intuiti venesr. 
Theye exists the personal desire on tlse part of rach man 
to prove himself and his ideas. The pi-c;]-ct method takes 
advantage of tht=^ natural force adding intr-jv-t and chal- 
lengs' which make iil - iu;/ succe s^ iul in di rn's s. 


In oi:her r'i ngd 
For In stun ce, l-ri: f 
a r oc. f t ru s s sy s t e --i 
to design the truss, 
ging and interestin'’, 


s '/e can exploit tiie 


'■am p t e c h n i ■;[ u. e . 


all th 
for fi 
f'hl^ 


compu 


c .-'■.■'■ri ni'-’cnt was given to .'■^jelect 
>' e d j i vfi c n '*■ i on s o f a bu i 1 d i n g and 
proved to be much more chrallen- 
red to ether problemr where no 


dec! si on 


could be 


*1 

made olijer tlian the analy.cic; for bolt or 


weld pattern on selected structural shapes. 

In the course introducing reinforced concrete design 
the stu lent was a.ssigned the problem of splectin-^ a desiun 
wiiich would use concrete to distinct advantage or would 


demon 


ot lier 


stratc an usual design in reinforced concrete 
bo:’}e nssi-jnments were being accomplished the 


"til i le 
student s 
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had one week to submit their project name. At the time 
the project is named the scope of the task must be esti- 
taated by the professor to restrict the student effort to 
the limitG'l time available. The tenaency is to launch 
into the problem selected to the neglect of other subjects 
degardless of the ejttent of the design or analysis accom¬ 
plished the total concept of p'^ojpct extent is the fasci¬ 
nating part which '"C' engrosses tiie student. iJpre are 
■^ome titles tl'iat eaop out of thic' assignment. 

1. bod; witf; it i.iu''■taj'le Use 

2. howl S!-;ape(i T'^nrion Boi,:!n;l stadiums 

3. B r i d f" e 61 a h .a n ■ i A iju t en t s 


4 „ 

•Bank B’.!l l.iin": 

- 

Slabs 

on 

F 

o\.)r dolurnns 

5, 

•-'i n glc Colurm 

?^uppor 

ted 

oof 


la I ' 

6. 

Crjnc .'’ete dome 

on Fou 

r Column 

o 


7. 

Cnntile-^rer 'iock 





o 

J • 

p n a t f r. . ] .f j 

:;n(.:rete 

bivi 

n ; 

Soanl 


Long Span Bol 

<if 0 da 

t e be 

oi 

n 


1C. 

Concrete Tank 

for in a 

nu ’'-e 

St 0 

Va 


i:l. 

{"A.nt 1 leve res: 

■oaJway 

on '■ 

eta 

in 

1n • kail 

12. 

0o''i Crete i>.rc}: 

be rl ' n 





13 „ 

frestreseed t 

,3.1 Iro.aa 

'■-i, r 




?or 

rO!;l‘' of tiw-- ■ 

project 

s se 1 

0 C i' 


the level of 


preparntion was inadequate, .ceferences were given to 
the studenis to put them in contact with the proper 
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information. In some of the moat difficult or advanced 
applications, the student handled a phase which he could 
do with limited research oaterlsl on that subject 
^■-tually the tendency to do somethin, mo-, elaborate than 
the capabilities Is not seriously wrong. This Is due to 
the curiosity and interest to do greater things. This 
curiosity Is not satisfied with the short problem. It Is 

likely tl.at the curiosity is only encouraged and Inspired 

to do norp 3nd bpttpf hnc.i- frj-,, i... j. 

ufc..rcr. iiOot slLidPntr were actively inte¬ 
rs'-ted in Gontinued unrk ‘-if+cy. -t-i-,„ 

xiu.a Ar.ru diter the as.'^ignment was complete 

and returned to them. 

In the foregoing discussion each man had his o-m 
project and worked alone. no.«v<r, he was free to -ct 
assistance from any reference material that could be 
obtained. In some cases Interest.,g, features were 
oounlere! and the to.sics d.scu.ese,l m clas- by the 

Professor dierehy a.rou.dn- .class interest in an Isdlvl- 
dual'.o project. 

^O'. 50!.'!r ti'ip I nevr had n rpcur.i’in-- tijou'^ht that 
there 1,. ,mother method of applying the .rrc.lpct evrtem 
.ecdofc diitl, me of hoi/ it may operate will 
be p>msentr-d. I feel certain that much ecepfici .-m 
shall be fo.rthcorning. However, the experience mentioned 
With the uarty chief eyetem" as.aire^. that it could be 
iraple.mentrd and perhapr with increaeod emc5ency over 
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conventional claoo. I believe It le .orth tbe ventnie to 

present it at this time. 

i- -ar.e classes can receive their formal theorv 
lecture preeentatlone In one large group. 

The Clare can be ,n„Med mto tearre of three each 
inc-ludin,-: the project lea.Jer. 

3. Frodecte are to be aeeignea to the teo.v, lealer 
and the inetructlon given only to hl^.. Thue only one 

third Of the etulente .oulc, be In the pro.loct aselg„.ent 

lecture each time, hach team -■ i 

-cn team leaUer ’souid receive the 

-i'^cificdfcions for his proiect ihr i +. 

i-iojcct. ^i,e due date would be 

.{Jiven a.^ wen a c an es , 

- - un ea..ljer checK point for a longer 

project. 

4. Each Sheri: or renori- cf ( lec-i -n r,. i . ^ 

^ ■ r 1 ,n op analysi s) shaT X 

he eigne,:, by Hy 

t,.e tear am rignm app-ov,:,; by the project i,,.a,jer for 
rubmittin;;. 

5. raeh new p.voject to be assi ned and briefed 

to cO new project leader. That if- i-hr t- 

uat 1 ..., tpp members rotate 

leadership on proieots anr] t-ikp fnv.., 

- and tdke turns cooperating with 

leadercthir,, Tijn thirdc r^-r' -i-i, j. 

’ 01 InP tpBJTl nni xj c> r- n T i 

--rc^-iver' ail coiniTiuDi- 

cetlon on the project throuph the teao lecjer. Together 
they wor, it out. The lealer hoe no ep,..cloi prlviicey 

to abeolve hl.eelf fro,„ foirybare of the work and re epon- 

s 1 hi 11 ty, 



6. Skill is required in selectln.q proo'ects of suita¬ 
ble scope but within suitable time limits so that most 

projects can be accomplished by the teams within a week 
or shorter time. 

7. discussion, debate and test of ideas occur as a 
systematic process in this educational method. To maxi¬ 
mize the educational process these features should be 
iuxly utilized. In many subjects conventionally taught 
the teacher only is developing this type of logic. The 
student should be required to be fully involved. 

8. analysis and check system can be implemented 
for full involvement of teams. 

Courses. desi:;ncd and operated generally as in this 

brief outline will contribute greatly to the students 

ability to work with others. He'will have experience on 

organizing a team as well as organizing an approach to a 

desi; 3 n project. He will have had a chance to develop 

leadership. Mot only is this a chance but he is 

required to take leadership. He will have had to make 

some of the decisions. He will have to cooperate with 

others and work, as a team. These are part of everyone ' s 

education requirement in todays society. It can be 

accomplished efficiently without increasing the cost 

per student credit hour and perhaps it may be done for 

less. The possible educational gain is certainly worth 
the risks involved. 
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TAtLE ii - contact HCURS PEt.,!UIHED 


B,E, DEGREE 



Average 
Entry Age 
Yr 5. 

Course 

Length 

Yrs. 

Contact 
Hour s 

University of 




Hadra s 

i6i 

5 

6120 

U. S. S.R, 

18i 

5t 

5500 

Aol. O.T.E^ =** 

16t 

5 

5400 

Europe 

19 

4 "4' 

4200 

iajstralia 

17-k 

4f 

5‘'00 

U„ C„ i-:. 

I7t 


2300 

1'„ 

isi 

3-4 

’ilOO 

In-lla Council 

on Technical 

E'ducation. 


TABLE B - INDli-.f'Vi-M 

erica?■' C(. 

1 AON 




T T , Ratio 

inuian American 

I/n 

"fears of College 


5 

4 1.25 

per year 


soc 

150 1.3.3 

Total Dflvs 


1000 

000 1.62 

Total contact hours 


01 GO 

2500 2.45 

Hours-non technical 


365 

70C .58 

hours-techn:! cal 


3765 

1800 3.20 

Lecture hours ~ TecJj 

n i ca 1 

31.GC 

1100 2.83 

Laboratory hours - T 

"ch. 

91 CO 

700 3.42 



METHODS hHD Tfap-JI;,jULS OF 
IoC= EBERT 


TExiCHIwc- 


In introducin'" this monino'c topic on methods 
technique:' in en.qinrrr-inq education I wo^^.ld like to 


and 

eon 


eider several bread aspects of tha^- 


su bj e ct and leave 


to 


my col lea.'iues a more thorough examination of a few restri¬ 
cted areas. 


The purpose of engineering teaching 1*^ obviously to 
help our students obtain the background, knowledge, and 
tools necessary for successful performance in their future 
careers as engineerr. In this statement there is an im¬ 


portant point I would like to empljasize; that our goal is 
"P student elo these things. It is this point 
tliat we sometimes fail to realize. ¥e have iiad a tendency 
to believe that the purpose of a teacher is to .gather all 
ii;!].,ortant facts, stir th.en into a ni c‘e pr<'digpsted masli, 
afj'i pour t.H-m intsp the I'.pfuiii.s ■iX" Lju’' pacvivel'/ ’’scentive 
students. Tlv- perfect -tuient, in thi - vlc-v, is one who 


SC' sucoersfully receives tXierc unassailable truths that 
he is able to recall them verbatim when demanded on an 


examination. An illustration of teaching based on this 
premise is the lecture in which the instructor gives a 
monologue to a route class, loroetimes, this method i.s 
even carried to the extreme in wlai ch tlie instructor 
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directly rro» hi. not.. - with .01 table pause. - 
eo the stuleots can copy vord for word. Hopefully, the 
number or instructor? doing tin? i? on the decline. 

The laboratory programme in englneerlnc and science 
is Justified largely on the belief that one of the surest 
ways for a student to learn Is through doing. If we 
believe this Is true for laboratories, why do we shun this 

idea for theory classes? Instead of being a passive rece¬ 
ptive the student should be an active participant In 

lectures. He should be encouraged or even required to 
take part by asking questions and by joining in discus- 
sionp. An active student Is an alert sti-ident. An alert 
rtudent certainly is raorr rcceptivp to learning than one 
who IS phy,sically iov^r.^ent but laentally far away. There 
are many methods for making a class more alsrt. I win 
mention a few, you undoubtedly con think of more. . prime 
factor is ohaner. l£ the class is as to preclude 

much active ^tudent rar^ticipetion, tht actions of the in¬ 
structor can keep the .students alert. Clear enunciation 
with chanting voice pitch, loudness, and emphy.si.s can do- 
much, fin energetic in.'^t.ructor who ’lakes blackboard 
li,^ure.s puickly, moves briecly, looks the rtudent in the 
evf and shotfs his own interest will have a contagious 
e.ffect in improvink student vitality - even immediately 
after lunch I Vith classes of uncler forty, active student 
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participation can be deraanJed. If student<v fail to ask 
questions or make comments voluntarily the instructor 
can force participation by asking questions of specific 
students (and the questions should not all be directed 
to tlie brightest students - nor to the dullest). 

It goes without saying that to present a worthwhile 
lecture the teacher must study, organize and prepare a 
lecture? then - shortly before presentation - must 
restudy it. Even the most inspiring lecture loses 
vitality after the dust of a year or so collects. Such 
a Ic-uture needs revitalising through the replacing of 
old information by new rearranging, rephasing and - most 
important - re-study, .kmong the worst teachers are the 


geniuses who feel 


mb.iect so well they 


lecture wltliout ppurotion. 
the '.liscove’'■rof o prJncjple 


Ihi s is the primary reacoDj 
^ the criminal source) is a 


poorer person tn te.-c-i; 
who un ier'"'tends It. 


'‘--bout it than is a good teacher 


Ibr above comments on improving presentation 
relate to the ordinary lecture - blackboard pres<=ntation, 
we all use. You arc probably doin , these th.lnss to some 
degres now. 


Objective evaluation of his own technlnnes can 
lead to improvement of even tiie best teachers. Of course 
we each i'ir.ve our own individual chnracterl <-'tics so a 
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lecture vrhich is inspiring when delivered by one teacher 
will, proi.ably fail when repeated by another. This is 
why, we must each Drepnre the lecture which is best for 
UEo betting back to the statement about helping; the 
student learn; The primary responsibility in the quest 
for knowledge should rightfully be the -trident' s. I am 


sure we all feel a moral obligation as well as a personal 
intereset to encourage or even push the student into 
doin;-!, his best to meet the standards of the institution 
and to learn as much as he can. To eticr.urage or push 
the students we in the tJ, S. have a powerful tool which is 
yet largely unavailable to you in India. This tool is 
full control by the instructor ever tl'ip student's marks 
in the course., Thus, when the instructor assigus home¬ 
works problems ti:r stn lent knows hj ,c pesfo-niance helps 
to determine his course ma.rks. If tpr inst.ructor. nsks 
him a question or requests him to ]o a problem on the 
blackboar'-i for the class this too may enter into his 


.grade. The instructor devices and administers examina¬ 
tions whenever he wishes. These usually consist of 
several scheduled one-hour examinations spread through¬ 
out i.ne term, a term-end final examination of two or 


more hours duration, and probably several unannounced 
quizzes. The periodic scheduled examinations insure 
that the student spreads his studying, throwhout the term 
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and the nnannounoed ehcou™*e hi. to ,eep up day 

by day between major examinations. I would like to empha- 
aiae that the questions on these e.xamlnatlons are entirely 
ant by the Instructor, he determines the scoring oe the ’ 
answers, he assigns the rinal marks, and no one (ipoiudlng 

bis Bean or the Bnlyerslty President) has the power to make 

hini chans'c thr •yr*" i/*' n-p 

. " be must be scrupulously 

fair and unbiased. If he does not mark fairly the 

students who compare results with each other, wUl dls- 

bower this and request the instructor to correct the 
inequality. 

fl-Ss power of the Instructor over marks Is p„haps 

the .yreateet educati o^:.al tool wp h-'tsp ?%,«,- 

uuoi ...rf i,o:ve. During my p.revious 

-stay in India I conolulej - as has svery other hmerioan 
-ho has studle.I your educational system - that the exter- 

nal examination, and itp atienlont rvn m.. 

' b!!e unimportance 

of the Classroom Instructor m the determination of marks, 

1." the biggest stumblln,., block In the way of progress for 

Indian Education. It m responsible not only for a large 

part of tli.' inertia tc mode’”ni on n-^ r.,- 

•'.v. 1C ..ni.^uT.ion o.'. curricula but also 

rp.eponriblp for othr-o qi f-r-; m e, . r 

- i-xicuj tic.'- ..-ucb ciF pludont 

i ndi .‘'cipli ne. 


Tjpf Qnp 

word a .about 


I conclude ny remarks let me .cay a few 
ome new oxpn rinentn In teachin':' beine 


tried at hone, 
tion explosion 


arc expo rjoricine- 
just a.s you are. V/o 


a sfcu.irrit popula- 
too are tryln.? 
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O ixna .e.ts for ™ore ood mor. students while the number 
Of Frofessors and the physical facilities fall to Veep 
paoe.^ To make fuller use of our buildings and other ' 
the school day is bei^^ extended Into the 
evening hours and the previously leisurely summer period 
more fully tilized by offering a wider number of 
courses. Universities having terms on the quarter 
eystem are beginning to offer a full quarter's work 
during the .summer, those on a semester sy.stem have ini¬ 
tiated a "trimester" plan which .gives three full seme¬ 
sters work in a year. Thus, an ambitious student willing 
to forgo his, summer vacations mfsht eraduate In three 

in.ste.'...d of four years. Since the faculty w'll be more 

fwll.7 utilisied with the-fe ^ • 

ri. nil leant increase 

in faculty ,<-alaric.<? given. 

Other plane to nor-e fiiiisr ,Tf-n-Tn-„ ^ -.j- 

J-LUi/ utilirae faculty revolve 

ST’ound tbr idea that a colleop 0.+ ,, . , 

i'D.Lir,,€ ,;tu.Ient ir mature enouyh 

•oerd an In.elructor ae a nursewaid (or ehould I 
say "ayolr') and can lar,.ly cU.eeot hie own studies. 

This means the instructor provides notes, assigned 
textbooks, gives periodic help, n.nd administers exami¬ 
nations but .gives very few lectures In the u.sual .ce„se 

The student .may be helped by such devices or techniques 

a 
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Programmed books 
machines 

-i-ape recorded lecture?^ 

"Visual -.ids, etc. 

io lurther extend the talents of Tood teachers ny Unlver- 
Mty is maWns extensive use of large classes w h seller 
tutorial sections run by assistants. Widespread use Is 
being .ade of closed-circuit television so the saoe teeche- 
can meet several classes at the same time In different 
parts of the campus. Some of these lectures are even 
v.deo-topel so they can be shown over at a later date. 

These teohnlcues have b-en largely confined to flr-t and 
ascond year courses a-ei have sot beer used in engineering, 
^his fall, isowever, we are exn.rloentlng w.;th a device 

Vh i ch t ra n omi t n wr i t ,1 n fr by mr p n o .-,f r i > 

. w K. w.n., ..u a tf'lf’-.'nonc connec¬ 
tion. This ■'■fill Garry ’'O''pif’.-'-yd 

^ ^ CK'.juciPrl rnr-r.'7:V;f 

voice connrctlon carrje.r the loctnr- --o t i x 

“ -> '•■'O :} .???*?{ dUc^tC' 

C0ur,rc will bo yivfy, Ir. Ch-^nrl ^ 

--’-nd -...piur 00 m.rleG from Da-t 

han=i„g-at the same tl;„e tl:e course is being given at 
the Oniver-ltv. iVturn voice line- wi]i permit the 

P - i. . -cu-ie hi p . o quo ot.1 on the la -it Lan®i ng 
Profe rroT i 


I have touched on a number of to- Ic.e in t.bi-^ 
talk, non. of which i.. .strictly limited to engineering 
tc,.cLinfc,. Tnr aim ha,a b^en to stimulate thought, 
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Jiscussjon, questions, and controversy. If I accomplish 
one or mors of these I win have succeeded. 

DI-SOJSSK 'I; 

S. said that the students must he given 

small project designs In his wen field. It helps him 
to develop hls creative thinking ability. The project 
work must be given during the I, II and final years. 

'^rlng the I year, 75? of the data required can be fur- 
nish6d 3ncl he wstj'tpfl thic 'nPT'ren+'i-'o +• i 

unis percentage to be reduceej as 
they move up to the final, year. 

P.L. iiUTAPPAN felt that greater percentage of maples 
should be allocated for sesslcnal work, he suggested 
that Stui.ents falling in .any one yc.ar must be able to 
study that year also Sfter promotion to higher cla.-s. 

N.ii. J;nAi:iDP-.K5 .said that If an examination va.s internal, 
the student got examined only m the quantum given by 
the teacher. The knowledge of the student,e would be 
limited to the limitations of the teacher. Hence he 
preferred the present sy.stem of exomln.atlon. 

Id arranginj project work, the student should be 
„ulded by experienced teachers. 1% asked that if the 

teacher was not well equipped for thi.e task, how could 

t hey be t rcti i n^d o 
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p. PUHCSnOTIi-Jiii'.'T su 5 ,a,estecl that ^tnclrnt-tpacher contact 
hour? murt be reduced to iaprove discipline and that 
'Bngincsrs must be > given a free-hand In planning and 
development of Engineering education. 

M.N. NArli5.Yii.NA lliO felt that they should lay more emphasis 
in the day-to-day problems of industry. The project work 
given may be those encountered in the industries even 
though they might have been solved by them. The students 
themselve.? could evaluate the project work done by them. 


He said that self-educated student i-rns almost absent 
in this country. The .student got into a course purely 
for opportunitie.e- for getting a job rnrily, 

S.T. NiiiiijA so-id tiist syllabus could be j>amed to suit 
available te.yt book,?, fk felt that reducing contact 
hours might not re'luce the 1 ndi .•■.cipl> ne in Colleges, 


S. .vhiil-iSlfil-iAN suggreted that citing instances of records 
of pa.ct student.Sj would .'Stimulate good inters'’t in the 


student s. 


said that the students should look into 
the teacher as a guiding personality. If the teacher 
had the final say in the capabilities of the student, 


student -ii.scipline would improve. He suggested that 
some methods mu.st be devi.sed to make the student come 
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to the tencher for help and aid. 

P, dAlIlTEL said that decision making quality is lacking 
in our society. We should allow the students to think 
for themselves and make decisions as they feel and like, 

A. SiiRGIPhd'I said that if the project method is to sti¬ 
mulate original approach, creative thinking, team spirit 
and leadership among students, it would be necessary to 
reduce contact hours so as to give an opportunity for 
the students to spend more time in Library. He further 
suggested the introduction of project method in the pre- 
fin.'l year itself. 

In his summing up loC, FRIRT said that in P. 3 ., the curri¬ 
culum was set up before the ccu.r^e was offered. The 
classes are large and they are taught by more than one 
instructor. There teachers got together ond decided upon 
the text book, for the course. Hr agreed thct each tea¬ 
cher m.ny have certain short comin.'.s. But if the teacher 
was too bad, the fact v/ould be exposed as the students 
have the option to choose the sections handled by 
various teachers. 

He felt that an increase in the proportion of 
class marks or se-ssicnral marks would help to make 
the student look upon the teacher as a guide. 
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L.7. NOTHSTINE suff=^e«ted if ^ 

tnat ii m the project work a 

large number of data were furnished, student might be alia 
wed to choose only the data that he needed for the solu. 
tion of the problem. He was of the opinion that they must 
teach the students that they must surpass the teacher. 

They must be taught to take ^rhat we have and make it 
better. The young teachers must be guided by the more 
experienced ones, and the students must be given oppor¬ 
tunities to make decision. Engineering education is an 
education in itself and there should be a constant revi¬ 
sion of the teachers' ideas and knowledge. 



KLTIIOJS .-illD TECHNI^^TJls 
W.J. FIE.hEISENs 


OF ENGINIIKBIG E )UCr.TIOF. 


-tin pxtrnet of the speech is ,:?iven below; 

According to Prof. FI.i IFIGEM the Mds in instruction nre 
models, audi»-visual aids like phonograenic records, 
charts, maps, television, tape recorders etc. These aid 
are to help the understanding and retention of what they 
receive by Instruction. One retains IC^ of what he hear 
25t of what he reads and 50'^ of vhnt he ss.-s. Hence, 
teaching with aids or working models win produce higher 
retentivity, 


He said that fi^ld study was important in working 
with real and natural things Tours and inspections 
create a natural interest in the student. The inspector 
should visit the works before hand and preper-e sketches 
for the students to note. felt that in using models, 
great care must be exerc'’. sf^d that students did not get 
wrong impi’e ssions due to reduced scale ere. 

■"^till picture materi als will be useful when long 
usage of the aid is required, during lectures, and that 
teach.ers can make their own slides witl. -'ome aid from 
the institution, hf also advocated the use of an 
overhead projector to suppleaient the lectures. Distri¬ 
bution of '^emi-notes to the students will relieve the 
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students of the burden of taking entire notes. 

The motion pictures will help the students in 
getting into the inner aspects of a manufacturing process 
and films produced on co-operative basis with the industry 
will help in the instructions. 

'icoordlng to hlj, Bi„ekboard Is n good tfachlng old 
and it should bf fixpd at a propei place. Elaborate dra¬ 
wings on blackboards must be avoided. But Instructional 
aids cannot be used to replace the instructor and they 
can only be an aid for better teaching. 

DI ■SaTSSIO’^I 

K. iixWi TT}^if sus-ested th.at L-sfore prs-^ntlng films to 

the students, advance notice should be given to them 

with a nreview if r!nct::ihie i 

i-i- -■-'luie. .-lencp all dcsse.s should be 

provided with darkenin.g a.^’rangement. 

S. BIM cai<j that the aim of the Instructional 

aide was to make the student." more attentive in the 

class. 

Summing up V.J. inj'g'tlfil.w ergid that many of the equip¬ 
ment needed for audio-visual aids were now made in 
India and that it must be pos-^ible in the neer future 
to use the.se in India, hV informed that :-.ost of the 
room.s in the Wi,sconsin Univrr.olty could be iarl:en-d 
and that moet of the ximerr'ean Universities have audio 
visual ie,.artments. If instructions were made interesting 
there should be no ■student IndJ .scirline. 




ROLE OF E-OiHI.MlONS IIJ UJ'TIVI.RSITIES 
C.P. iilYlAR; 

Mr. Choirmtm and ny aood frlPnds, 

I on. n,uch ladPbted to your kind .«rdP m intro¬ 
ducing me to this andience. I have been asked to apeak 
to you on the role of examinations. Fow, there are two 
types of examinations . one may be described as Inyernal 
in character and outlook, and the other external. The 
Internal Examination Is generally resorted to by the head 
of an Institution for the purpose of testing the progress 
frrm time to time of the alumni of that Institution. Any 
Ideal -ChoisStic or educational oentre in my opinion, 
should be residential In character and p.artakc essentia¬ 
lly of the nature of what was in our ancient Ourukula 
type of institution. The formal examination was not 
really thought of In a Gurukula or in any of the medieval 
univrrsitJss o£ .urope. Students chose the teacher and 
gathered around Mm and the Universities thus came 
into existence. 1 heed not remind you, of the history 
the ancient .^alanda, lexila or the Universities of 
Europe and their character. It was not a matter of 
el-ass rooas, laboratories and libraries. It was the 
case of a large number of eager, adaptable and enthusias¬ 
tic .tudent,, coming near, close In every way, to 
0 teacher of eminence. 
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It was the teacher who was the nucleus or the centre of 
the oia type of university end the students maintained 
themselves and also maintained the teacher. Both in 
India and in Europe people in Oxford, Bologna, Paris, 
especially Paris-gathered round the teacher in that way, 
and out of that, gradually developed a gathering of 
more teachers and more students and the universities of 
the present day, are the successors of those universi¬ 
ties. In an ideal residential institution, there is 
re^.!! / no .-cope for an examjnation because hour after 
ijour, the teacher and the ' tudent will be in contact 
and discus-ing various problems. In this connection, I 
de'^ire to place Gr,-.’d.inal ^lewman's five points on Univer¬ 
sities. He said, it did not matter if a university had 
buildings or not, it did not ratter even if the univer¬ 
sity had a great library but It did matter that it had 
impressionable young men coming in contact with an ins¬ 
pired personality and thus his mind and his a-pirations 
sublimated. That was the residential type which was 
in vogue In the old days in India and so were the 
medieval universities in Luzope to some extent .As time passed, 
a situation developed wh^n the teacher did not know the students, 
and the Instruction imparted to the students was only a 
reduplication of text-bocks. As institutions pro¬ 
gressed in that direction, examinations became 
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important from the point of testing progress, of finding 
cut what particular career suited to a particular stu~ 
dento Thus, eTaminations became more or less compul¬ 
sory both to the teccher and to the student and so they 
went on. liy own opinion, regarding the system of inter¬ 
nal examinoticn is, that for two Important reasons,!) to 
examine their progre'^s in their day to day performance in 
the class and ii)tohrl;. to get credit in the moderation, 
they are necFssary, It ie a common r.henomenon that 
although students may have performed well in the class, 
from time to timo, they may not aocjult themselves well 
in the annual examination, du*' to thoir emotional im¬ 
balance, or some kind of psychological excitement or 
nervousness. It 1 s always prrfe«,:!ble to haws n co-ordi- 
neted ryste.m of examination taking into account the 
psricrms'-5in the class month by month along with the- 
”r suits oi the annual examination so that e'^en if a - 
student ■less r: at f-.'-r. tsfll i,p, the annual examination, 
thf pf-ffovi-rmcc in the Internal emunlnetion would help - 
him. For tlur {'un-ose, real contest s’ith the teacher 
an-i t ught is aece'-ary. If there ore a large number 
of students in the da'^-s-mcr-r than 50-it would be diffl-^ 
cult for the teacher to pay proper attention to the 
impart in:;- cf instruction to every student. This is 
one aspect of the problem. But the other aspect 
with ^^fhich we may be concerned ’rith is what is called 
ti)e p' blic prraminntlon« Public examinotion is orlginsl 
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in character. It compares the achievements of the 
pupils of every scholastic section and the question of 
iUo up a pap©-r which has to be answered by pupils of 

o. LL;! 

plines subject to the teaching methods, end mode of app¬ 
roach to the Ulffereat Intcllectuol acquirements and Ipti - 
tudes. Whether that kind of public examination is desi¬ 
rable and whether it .erves the nurro'-e ha- t, , 

-p pur}.0^.69 onc to be ex'aKined. 

Public examinations like r.’J.C., B.A., B.Jc. are purely 
external. The pupils undergo the same kind =f ailcl- 
pllnes. One of th - ' rr at clj mcult..rs of suer an eva. 
minatlon is that the question nape. ..amot porsihiy cover 
the whole field. From my personal experleucs,, and the 
experience of our nei-j^hbour.■^5 it .o(:.eo thot with n 
cer-tnin amount of i-vuloted crammin.q .-,,^.,,1,., ,, ,^onth or 
two, they may com^ out .niccescaii i f ^ue..'rinnnil from 
the portions crempicd ^re a.sked. If .'li ^fortune overtakes 
them, and if the ci^nmraed portion does not come, chey may 
have to fail. Thrr- ere certain advantagrr in the ans¬ 
wering of yes or no questions as in the I'nited states. 

But they have their limitations, -.fter aU, the -i^tuclent 
should be aule, net only to think on the subject matter, 
of the examination but also be able to orga vf se hi 
thoughts and exprerr them coherently, ?or many years 
now, I have been speaking on this subj^'ct. I heave 
stated that it ought to be possible for an eA<amination 
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to be conducted with complete liberty -• each student to 
take as nnny books as poesible in the e’rainination hall. 

So far as India is concerned, there is over emphasis on 
text-book knowledge. In the olden days, no doubt, Vedas 
and Upanishals, were memorised by the students. We now 
in;]pct textbook knowled{;;e in the intellectual frame of 
the students and expect them to display or siiow results- 
and in this I want a different approach. 

My own idea is that teaching should ’no longer be 
confined to textbooks but shouli be done in a more general 
way. The examination should conesrn with thp subject 
rather than with a particular textbook and further enable 
the stu lent to fortify himself as an authority. In 
subjects like liathematics, reasoning on,! comprehension 
of the student are more important than tiK' acquaintance 
with the subject. In short, n nevr orientation should 
be given to examinations for evaluation of knowledge. 



■JLVELOP!n.i'' TT .-nOifTH OF PTcj .-ncTCiK 
LEO ?. "ICTI-ISTIFr, 

The firet quality of the potential instructor is 
that he rust be a capable student himseif. it i, j^^t 
necessary that he borders on genius. In fact, a genius 
should not be selected as his talents should be used 
eloewhere in research. Further he may not understand the 
usual problems of students. It is necessary that a sui¬ 
table selection system be used for choosing or admitting 
new people to engineering teaching. 

Teachers should be sought at several levels. For 
instance it should be desirable to offer stc^rting posi¬ 
tions for those .dth a B.E. to teach 1/4 time and ^^tudy 
for M.be. 3/4 time vith a suitable stipend for this 
.-ervice. Sy such a sj/rtem the young teacher should be 
advancing in his fielc,- as well as getting experience 
for teaching. Suitable subject- for Ms level would be 
ciiosen for him to teach and be supervised by a senior 
member of tne staff. This of course can occur in M. Sc, 
qualified colleges of which more are needed. 

Another starting position should exist with 
suitable salary schedule for the M.Sc. holder. g^ould 
be presumed all new staff shall have attained or win 
attaM the H.-Sc. degree in a reasonable time for 



undergraduate teaching. Cf course there are those tea¬ 
chers who have taught for many years and have experience 
and knowledge equivalent or above the II.5c. degree holder 
and have demonstrated the qualities of great teaching. 

They must not be displaced or wasted by being replaced 
by untested men with new credentials. 

Further, there is a need for B.E. holders with 5 
to 10 years experience who can return to the colleges for 
teaching and study to complete the M.Sc. degree. A program 
with suitab3.e salary schedule should, exist that %\rill 
provide some of these qualifications also. 

From the administrative point of view it should be 
desireable to have a staff of high quality. High quality 
can be defined as being of complex order. Do not expect 
to build a good staff on one set of specif i cations for 
all men in all positions. Some^ staff will h^ve high 
attributes as scholor.s and resf.archers. Some staff will 
have tale.nts as excellent teachers and very capable of 
handling students. In fact each staff member shouLl be 
e''’'aluated on his very own merits and not on how well he 
fits an arl'itary specification. The v^ry difference in 
.{ualities of n staff may be the best ingredient for a 
very successful staff for the training anl education 
of the new engineers. Some moy be quite theoretical 
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while other? may be aijle to {rive much interpretation bet¬ 
ween the Dathematlcr and real mot^-Tial? .and operations, 
d.reat emphasis should be given to the d-^veloping of each 
manfs talents. For some, this is in the field of creative 
design. For some, this is in the field of theoretical 
analysis. Other? may do research anJ I'frite xehile there 
are some excellent teachers who read the journals and 
make the classroom a lively place of learning. Do not 
try to measure all teachers by the same meter stick, 
bach College should judge its need? by the talent that 
it pos?esses or fails to posse-'s. 

The new staff member should familiarize himself 
with the syllabus for the courses he teachers or assists 
in teaching. He is a ve:.’y important rn-an in his insti¬ 
tution for his students ■■m'11 ask him man;; queptions while 
they ^'eldorn risk asi-cing the senior profe.ssor the same 
.question. Hp should be most willing tc receive ques¬ 
tions and give good answers as far as he can and see]^ 
better answers. His importance incr-'ases if he eagerly 
studies the work with its new problems as presented by 
his students. If he answers truthfully ahdalso seeks 

ranswers that are not already known to him he develops 
with his position and with the students who study 

under him. Lach new batcli of students enrich his expe- 
r-5ence .and incre.'’se his value as a teacher. 
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ApJ?Og3];^C0 3nci 3 I OofViPQo *? +. » 

^ ine._ in a teacher should not be 

tolerated, The^p 

i4c-s.e traits are an indiopfTnK* • 

j-naication oj, insecurity 

lac. or p.ope. an. .„repr„«, ’ 

-^ese dffectations are uspd to cover up weaknees and the 
Je.ired qualities of patience, undecstandlng, and help¬ 
fulness. r,n expected to answet all questlone. 

dt almost any one can he helpful ty assisting In finding 
or directing the student to the answex. But thexe Is alL 
the sin of giving directions that arc not helpful. One 
’'ho Is genuinely helpft.i u.uany questionable 

revard of being asked more que.ction<= Tm q • 

jutr...Lions. ihi.s can ue a form 

of the measure of suceet?-^ in fhx^ ’ 

n the vsneral acceptance and 

reepect of students. Do not confuse real respect with 

Ihlee respect, fear or sense of duty. can 

cause a student to try t'' e-rnlstr fiir« r- 

■y - enuidtP the fine qualities 

he sees in a „an. at this point It „,.sy be a,.fitted 

that the problem of respect may have a complex conota- 
tion in India as compared to ,, 

t L J .Vi , . -.e... It rcay 

exactly th'^ same thing In both cnt-urro For- +.1 

s- --j -L. iLUiP-, noiifsxter, the 

developing teacher must spek pucce-'*- in ir-voi 

-uLce.-s in leveloping the 

rninds of’ r^fudpni•“inri fi 

. -uucnt., c-.nd thereby he acbieves g r-ater under- 
standin,g and development himself. 

This development Joss not cc»,c rstomatlcaUy. It 
comes from continued study, varied teaching approaches 
and folloiving un the details constantly. How can a 





teacher instill the deeirable quality in a student if 
he does not develop and demonstrate the same qualities 
hiffiself'.'* -'i-s he practices these qualities he shall grow 
in stature with each batoii and a? long as he practises 
he will continue to grow. When he decides that some of 
the details of his work are beneath him so that he stops 
pursuing the answer and only passes over it or omits it, 
then he has stopped growing and developing aa teacher. 

The rate of development of good instructors is 
very dependent upon the working conditions of his College. 

He needs an Income that liberates his mind from the des¬ 
perate problems of rent, food, clothing and medicine. His 
income should give him some self respect ■'nd his posi¬ 
tion should hold sufficient opportunity to earn promo¬ 
tion and advancement in future years. Varirol-le rates of 
promotion depending upon ability and echioverrent must 
prevail. This will give sufficient incentive to raise 
the challenge for active corapetition. Without incentive 
where is the challenge? Man's natural tendencj? |s to 
do a very worthwhile and good ; 5 ob of the at hand. 

The administration must provide the incentives. 

The physical plant should be in keeping with the 
atmosphere of the job to be done. Clr.in ••tfrs, 
clean laboratories and clcss-rooms, good lighting well placed, 
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^nd good vpnti 1 af-T-'n ^ 

i a L 1 UD d rP Pornp f f h ^ 

ts. B„,,. 

-"-U. The d. e ^^part„e„te 

^ ^epart„ent hea-.e ehouM be coaetantle 

improvements to be made nn--] ^. 
still. Thpv In *^^ 3 ns stand 

■‘■■y should con-tantl^r r‘=^-mire fi- 

et^rr +- ’ '•Hlllpe the yonno-^ 

staff to submit ideas for nhv^i. . • ^ 

fc-n I • i'^Vpical improvementQ in th^ 

Plant and the teacbln* ayete.. 

In the laboaatoHes tbeye ate oppnttnnUIea to nee 

colour code on niachinprt/ 

■ ■ - '-n'l npparatue, Improved chalk, 

boards, mechanical pencil sharpeners, refe-s„,., . , 

> ^naterjale 

suitable vrltlng space so the rrnort can he 

-the spot. Ibe teacher Should try to discover „e„ 

aboratory procedures and experiments that crovlde yreatec 

learning experience than the old problems l'h,„ „ 

, ' . nsn some of 

the older problem,? must be nn -ine ^ 

•lUcL oe up dotea or di <tr-3rdprT i?,-, 

1 ,• 4. ~ ■‘■b c i-draeu. ^esponsi- 

lity for the conduct of ffa^- n 

h-uijuui-t oi tee classes nnd i j, 

end the subject mat&- 

tial must come from ’-/ithin ti. i i. 

of the .subject 

Itself must rest ijith the teaciier H- ,,i. i 
4 , . '^'Jt-uer. ti i.ri, shrug.? the de¬ 

al Is of this fesponn-ibijjtv off i 

' ^ as belonging to those 
higher up, is shirking his duty. 

The teachers should use English and Insist that 
the studentsuse good English. We have ref 

4 ., .. have referred to Enr]i^h 

as the international Language- .cl 1 it i m 

• '^tii It may be. The 

effort must be made constantly and un^ fy mr. 

/ ana unify pronounciation, 



for universal understanding.Much could be done in this 
respect in many formal and informal ways. 


In technical language symbol? should be stanlardized 
for clarity and und.erstanding. Avoi .'I alteration of greek 
letters for the same meaning. Present standard equations 
in the same fo»m each time. Use simplification as the 
primary teaching tool, deduce compound problems to their 


eimple elements and weave the components together 
logical sequence to give the complete story and in 


in 

sequence 


for understanding. 


Young teachers ns well as ti,:...?P who hr:T7p expe¬ 

rience can benefit by having informal seminar':^ an I dis¬ 
cussions cn top.ic<' cf ini-erest. Tlwrc topic? can be old 
routine ones or on some latest development. They can also 
be on any current problem that a member cf the staff may 
wish to raise, regular sessions on '■•tudy in new areas 
may be introduced to staff who can take turns presfnting 
material, discussions ^md visual ai.l? on the subject in 
question. 


T'here 

hngineering 


is need for a south Indian association of 
Teachers. The purpose of the association 


would be to assist and encourage young, teachers and to 
promote good engineering teaching at all levels. 
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I-nginerring F.uec'clon npe.ds pu.ch an a.^rociation in India. 
This association would br an organization for publishing 
papers, inahing studies and reports ani holding annual 
as x^rell as local meetings for discussion and debate of 
engineering education topics from which the shape of 
engineering education for the future can develop. Active 
participation in such an organisation should be mandatory 
for the engineering teachers. It should be made clear 
that the organization is primarily for those in active 
teaching and not the administrative people. Otherwise 
administrative people could dominate the offices and acti¬ 
vities and cause the association to lose effectiveness for 
developing young teachers. 

At all levels oJ- staff there s-'^ern tc be a vrry large 
chasm in aeneral bet-.Trf.:a ^n gins eric.'- teaching and profe¬ 
ssional practice. This is a serious drawback and efforts 


be made to brldga ti 


b 01 c fj pLi c ' ^ t j 0 n r rj c i t h € ou t 


side world. It is recommended that efforts be made 
continuously to cause practising engineers from industry 
and Government to return to the college for short 
learning sessions on new and varied ucvelopments, 
special lectures and educational programs. Visits 
and field trips for staff to engineering and engineered 
projects for first nand ev-periences arc of prime 
importance. 
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Prom an inerraped activity as the foregoing it io 
hoped that the college could get some fesearch project 
started and sponsored bj’' industry or government The staff 
should be encouraged to look for ideas that could possibly 
have a benefit to industry and thereby make a proposal 
that vould be acceptable. Should the staff become par¬ 
tially engaged research and special problems then it 
must be expected that the strength of the staff should 
be increased. Obviously, the vitality and effectivenss 
of staff could be greatly increased should this type 
of activjty develop. 

When a teacher of a professional subject becomes a 
recognized expert he may have opportunity to do consul¬ 
ting. When done in moderation, consulting is vorv bene¬ 
ficial to the teacher, to the students and to the college. 
Misuse of consulting privileges con only lead to loss of 
consulting privileges for all. Therefore a carefully laid 
out program should be laid out with incentive strong for 
the man who must do the work. The present ,50?^ fee basis 
is probably a strong deterent to those who would be doing 
design ’,eork. The policy on consulting probably could 
be reviewed and a more optimistic program installed, 

Semin-.rs and institutes such as this Summer School 
onieaching Methods are of general good for those who 
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particip'ite. Mfetingp within each department at a college 
should ^ave more specific benefit and be more applicable 
for the young teacher. Hegional meftings have benefits 
for the ‘Tiiying of ideas and solutions to nroblems. Local 
meetings apply to the local details of implenienting me¬ 
thods. loth kinds are needed. Unfortunately only 
limited participation can exist at Regional meetings. 

One hundred percent participation can occur at local 
meetings and der^a^tment mpetings^ 

Whiip there are many facets to the development and 
arowth of engineering teachers this paper only treats 
some of the more obvious factors. The main features to 
consider ns individuals and e? institutions are the ones 
that are catalyst to more and greeter development of 
the individuals on the teen of engineering teachers. 



DISCTJSSIOMs 


T,R. 


-^iiS S3id that there le isolation between industry 


and technological institutions. There must be a revo 
lutionary change in the edministrative '^et up. The 
writing up of confidential reports must be abolished. 


This will make the staff feel free to ventilate what 


they think. He wanted promotions to be based on faculty 
r e c cm m e n d a t i o n s. 


S. said that development and grc^dTh fitted 

an S curve with respect to time. Each metiiod produces 
a rapid rate of :rowth upto c certain time, and beyond 
that it becomes static. He ■'•famed that too many committees 
might lead to waste of time. 


(**' T‘ ^ I r" f* I, - T •r—) 1 - Y 

O O • i 1 •• li 4.1 i i. • i i tj j; Ji-i r y p {•] 

retired personnel is i 
staff shortage. 


whether it is advisable to ermloy 
s being done now, because of the 


H. SriMIJlT. 

took time 


lelt that srcwth and development of instructor 
The teac'hers should not become teaching 


automat s, 


■ '.nd. they shoul'l grow as they expect the 


'"tu’ients 


to grow. 


oumming up L.V.-, I'OTjiSTiME. said that te‘icl;.ers should 
presnet a united front and that th^ developing instruc¬ 
tor should be able to see the work that he doneor achieved, 



Tmns lil T:IL FILLD CF EFtITILIRIFG LUTCiiTIOF 
VoY.L. luiC 


IHTRuDUCnON; 

In this psper, I wcaild lik*e to concentratr on four 


aspects of ‘'Engineering Euncaticn". '--bey are? 

l) What are the .short and long range objectives? 

ii) What are its patterns and contents? 

iii) iIov often Joes this pattern change in any 
count ry ■? 

iv)Iiow does an engineer refresh his knovlechge 


after he leaves college'? 


.an attempt is made to answer these 
To help a^s^^'er them, I have surveyed the 
ne e .ri n ,g e Ju ca t i on i n« 


b a j c questions, 
trends in en.gl- 


i) the Uo-Seilo 


i i ) t h € J ’ i -■ 
iil) ’-Jest Gerraany 
iv) titC 


v) India 


can start with 
serve our purpose; 

"Engineering is a 


the fcllowin.g definitions which 


profes.'=ion, in which a knowledge 


of the matliematical and 


physical sciences gained by study, 


experience and practice, is appliea with a judgment for 
utilization of the materials and forces of nature". 
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"'An Engineer”, i? arfinel us o "perron, hrving the 
trnininc end experience required to perform specialised 
duties in a branch of engineering". 

^/e oust now diet;: ngi5i sh "Engineering” from "Science" 
and xechnclogy". Broadly, Technology is application of 
an engineering principle. However, there is fundamental 
distinction between an "Ingineer" and a "Scientist", iin 


Enijineer generally designs, constructs, operates or super¬ 
vises whereas a 'scientist’ seeks to unearth new know¬ 
ledge, new principles, cr new materials. As regards 
producing an engineering graduate to make useful contri¬ 
butions to the development of the country, ■'-re have to 
consider the professional aspects of the engineering 


education together with the place of ;(i) Humanities, 

(ii) the B-ssic sciences, (iii) Social add biological 
sciences, uoth in the education and trainingof engineers. 
The task of compounding all these e5.ements into our 


so-ealled 5-year Integrated course is an urgent problem. 
The importance of the humanities and social sciences will 
hove to be recognised from the lowest to tiae highest 
levels in engineering education, becau'^'e in .i technocratic 
world, society has to rely mere and more on engineers for 
leadership both in business and affairs of the State. 
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Engineering at one end is highly theoretical in 
character, while nt the other end, it can be wholly 
practical. The wide spectum of engineering activities 
range frciuS research, development, design, consulting 
production, construction, scales and last, to 'Technical 
Education', 


The following instances vrill shew the difficulties 
in the tasks of education for an engineering career, 
because of the diversity of needs and opportunities, both 
educational .and profe ssi oncol. 

IL) It took only a decade for engineers te produce, 
on a mass-scale, jet nircraft, after the basic ideas of 
jet-propulsion ^^rere given to the world by Sir Frank 
Whittle. Almost overnight many Hechanical Engineers, 
e3(perts in the desim of jsiston engines, found their 
kn'~'wledge almost useless, in vie’-r of "'•'hittle's ’’■ork in 
early 40'-. iiow, rocket-propulsion and nuclear propul¬ 
sion threaten to compete with the jet-engines and jet- 
aircraft. 

ii) It took only 5 years for the raass manufacture 
of t wan si -tors after Schokley, Bardee and Brzttain 
perceived what future solii state pliysics neii for 
semi-coneluctors. As the transistor has been fast 
usurping the pl'ce of the vacuum tube, electronics 




inen nil- over the ■'jorld vrere faced vith the need of 
updating their knoorleJje. 
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ill) idevelopraent s in 'automation’ have chanjecl 
values of huma.n labour. 

iv) ^velopments in 'aeronautics' have annihilated 
both time and di"stance. 

v) ^evclopmente in ’ space-technolo,gy' and 'nuclear 
armaments' have changed both the roles and responsibi¬ 
lities of national leaders. 

¥ORJ:S FUI-ICTIOMa CF E¥GIHEIRS: 


In order to get a broad engineering course, we have 
to first consider broadly the work-functions of engineers 
in our present era. The two broad categories are? 

i) To conceive from pure abstractions, new and supe¬ 
rior devices. This implies a talent for improving the 
existing devices with a vlaw to making more sophisticate 


ones. 

ii) J'-r construction and maintenance engineers in 
assembling, operating machines, etc. they ore custodians 
of technolo,:;y. Our country/ needs this type of engineers 
in great numbers in its development. They toe must have 
a high proficiency in Mathematics, Physics rand Chemistry 
and related sciences but not to the some depth demanded 
of the persons in the first category. For the latter 
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category, a Bachelor's degree from an tngineering College 
should suffice as far as academic training goes. The rest 
is tc be picked up on the job. 

THE CHIATI7E ELEMEMT ATID HEW GUJ-iRICULUMs 


To develop students with creative ability, we want 
curricula, which will unravel the basic findings that 
scientists discovered by their thinking, so that engi¬ 
neers ma 3 ? know precisely not only the 'WHAT' and 'HOW' 
but the 'WHT' of it. 

Next we want a syllabus to teach both 'science' and 
the 'scientific method'. This means we must devote suffi¬ 
cient time for both "analysis", and "synthesis". In short 
a true 'engineer' is n 'scientist who not only dreams but 


realizes his Jrrnryis'. 

k TICHNICxiL UNIVIHSITY COLLEIE - IT6‘ FUN'CTICJIS; 

Next, we must consider 'what is a Hn-J versi ty , and 
its functions relatin.v to ''engin'^-ering education". 

A university essentially comprises three limbs"(i) the 
taught, (ii) the teachers, (iii) the ' human -hardware or 
the administration. Needless to that the first is 


the most important item since without stulents there 
would be neither faculty nor the ad.mini stration. A 

engineering college should be rather s' think factory 


than a- factory, where engineers are produced. Attention 
should be concentrated on bow to generate new ideas, 


new 
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philosophies end nFx^r doctrines with a view to meeting the 
challenges of the future as well as the present. It should 
not merely be confined to teaching facts from textbooks, 
written some decades ago, which are still used by many. 
Therefo’^e, there is an urgent need for modern textbooks, 
incorporating the results of post-world war II research 
in science, engineering and technology during the past 
90 years. 

There is also the question as to who should teach 
an engineering student at various levels? Often, a very 
good research worker may be a very poof teacher, and vice- 
versa, especially at the under-graduate level. Sometimes 
comprehension is made difficult for the under-graduate 
student, if only O.Sc's and Ph.D’s are appointed as 
teachers at under-,graduate level, because often it is 
difficult for such a teacher to step down, ns it were. 

But, graduate and p'^st-graduate tenchin.g should be done 
by only those who have d;ne rf-search or shown competence 
for research because the building of such c.-orses and 
schools have t-o be Jon? with knowledge sprin"ing largely 
from their own research lorogrammes. 

NJ-IVJ HOBIZObbS IN ENGII-'SSHIFG EDuChTIO’'-^; 

At this stag?, 1 mention a few recent developments^ 
which may be intrO'lu.ceJ at various levels both in the ' 
under-graduote and post-graduate engineering education. 
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i) "-quantum mecahnic?”, a working tool in many engi¬ 
neering fields. 

ii) Irocessing of information through the ('a)"Infc.r- 
mation Theory iniluencing the deal on of ninny communica¬ 
tion systems, and (b) ''Electronic Computer. 

iii) Processing of energy, e.g. (a) Solid State 
devices, (b) Plasma, (c) Cryogenics and (d) 'fc ;neto hydro- 
dynaraics. 


iv) Processing of rriaterials- (a) h'olecular enginee¬ 
ring and (b) BiDphvsicnl engineering. 

■Some new horizons in engineering educction must be 
thought of. These are based on tiie follc.wing concepts, 
viz., 


i) Meth'Ods : .of 
(a) man-1o-mnn, (b) 
machine. 


extending communication bet wee n ; 
mnn-1 o-machi n-, n■.! (c) inachi ne-tO' 


ii) Energy explcitin.e creatively rond unccnvrntionallv 
Cs) food : 7 nti'iesis, (b) p''.a'^ma, (c) tecfinolcgy of the 
materials of the •^■orld. This is a huge problem and con¬ 
stantly both FCientis-'-s, engineers an-d t'schtrolor-iats are 
devising new range of products and materials (natural and 
syntheticj and almost to any particular specifieati on 
required for any particular purpr,se. 

iii) A better knmfledge of the materials of tlie 


world he lives in 
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iv) i'ian h&s been constantly '^trivine' for i'^reater 
itobilii/ xor hinseli, raw mat^^rials an 3 finisl'ied products, 
i'i'aterials required for thp industry also have to be 


brou_ht or taken froui one part of the world cc another. 
This tonic of mobility leads to a new dimension in the 
role of the engineer of to-morrow. Therefore, these four 
concepts must be taught at a broad level to en.hineering 
student s. 


TREMDS 


mBROADs 


Here I will limit myself to (1) tlie n.S.iio, (ii) 
the U.K., (iil) Weet Germany and (iv) the Owing 

to our lon^ association with Britain, we modelled our 
enjineerln-i education after the British pattern, but always 
with a time lag. In recent times as o concomitant of the 
various aid and collaboration sc he'in r we are considerably 
influenced in our pattern of technical education by the 
other three countries particularly, tiie U.S.a, 

i) tiie ; xi substantial portion of the engineering 

curriculutii in the iJ.S.ii, Is devote i to ■ antalysis, synthesis 
and design problems requiring a good background in the 
basic sciences, the engineering sciences and the social 
sciences. For nearly half the students, who complete an 
undergraduate engineering course, their academic training 
stops with that an'.i they take up gobs. The other half go 
to graduate schools as fulltime O’- part-time students. 
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It Is thou_;ht th^t the nur'ibrr of un'.lfr^raduate engineers 
in ti)e o.c.A. will incrsass in 1970 froisj thf present level 
of 34,000 to between 45,000 and 50,000. ^ibout 25,000 
students proceed annually towards the Master’s degree. 
About 20'’^ of those who receive the Master’s degree 
iiroceed to the Ooctorate. 

Oue may ask whether the traditional classification 
in englneerins? schools (aeronautical, chemical, civil, 
mechanical, electrical, Pietallurgical) has become 
obsolete. There is evidence to suggest that, this is the 
case to quite an extent, "Apace Technology", "Industrial 
Ingineeri:’!:’", etc,, nc)V,r offere..] as maior disciplines at 
many pieces in the States to-day were almost non-existent 
till recently. Tlu s only shows that curricula would have 
to be planned accordln:: to the broad national pro’jlems 
that lie aheari in engineering. 

The past few years have seen many i^api^i and 
major changes in enginrerine curricula in the II.S, These 
trends ares 

a) A reduction in the number of hours devotee] to 
engineerin'” dra^ring and graphics. 

b) Ji. reduction in the number of shop and laboratory 
course^, 

c) Increase in the level, of .required mathematics 
courses. 
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a) 


Increase in hours required for basic 


science 


course s:; 


e) 


G'rtra Physics recommended as techn 2 >.al electives 
■i>eJucticn in the hours cievoteij to sj^nthesis and 


de sign. 


f) Wtra hours required in the Social Sciences and 
humanities. 

From the above trends, it is clear that the original 
definition of 'Engineering Iducation', has leviated a 
lot from the ’lefinition of 'Engineering' and the aspects 
of a professional engineer.' The emphasis has shifted 
towards the realms of the mathematical and natural 
sciences. That is, they are de-emphasising the distin¬ 
guishing marhs of the profession and building in more of 
the attitu-'les of tiir ‘-cientist. This trenvl is partlv 
based on the bf-Iief tii.-jt, if only -'•Rerican en-'.ineet-iQ'/ 
^^raduates had inorf; science-j tiic moucrsj complex fngineerinfr 
problems could b*- solv.-u more speif lily an-, exactly, by 
analyses clone. It is also partly iue to the fact th^t 
en-iineors in the past havo not always made enough efforts 
to oljtain the availablo knowled-^e of the physical sciences 
that may be used to advantage. 


ii) The British Technical E-du.caticn o'yrtem' The current 
British pattern of tpchnolosical education is based on 
(i) tije Universities, (.ii) Professional institutions, and 
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(iii; T«?,-;hnical Colle.q.es, Here,.? 'iistinction must be 
drawn between ’’Technical" and "Technoloracal education' 
as understood in Britain. 

Technical Bdueation js instruction in any subiect 
anplicable to the purpose of industry, agriculture, trade 
or comraerc-! al life and practice. I'he te^m is applied to 
the education of persons, who are to be technologists, 
technicians and craftsman. Technical education is being 
organised in the U.K. in four types of colleges at 
different levels- (i) ’district, (ii) Area, (iii) Regional 
and (iv) Colleges of iidvanced Technology. 

Technological I'ducation is usually restricted to a 
more advanced level where fundamental scientific princi¬ 
ples are more strongly stressed, a college of Technology 
does work at the Tlniverslty level (e.g. at 'iancb.cster) 
an-.t forms a consti tuert part of a University. --i number 

of colle;,es of A-lvaiiced Teobnclogy (called UiTs) have 
also been "et up and. these run coi.r’ser for th^- bipioma in 
Technology (dip .Tech.) and the UemUer'-d’iip of the College 
of Technology (M.C.T.), both of which are high-level 
av/ards. 

Uip. Tech, is at the level of a University honours 
degree and the i'.C.T, is e:juiva]ent to a University Ph.U. 
and is awarded to students who complete a substantial 
programme of work, concurrently in industry and a college, 
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which lead? to the solution of a problem of value to indu¬ 
stry. The Wational Council for Technological xiwards was 
set up by the Minister for Education in 1'5 55 as an indepen¬ 
dent, self-governing body with the power to confer national 
qualifications, like the dip. Tech. an..l M.C.T. 

In most of the British T'niversitir s, the engineering 
course, leading to B.Sc.CEngg.) or B.E., is of 3 years' 
duration. In 1^50's fcx- giviny t^-chnicai education at a 


liigh level, it war consi'iere<l that, apart froni these 
En.'iitneerinr Collsrer- or drpartinonts of Engineering in the 
various British ’onivsrslties, a new type of college, 


called the College of Advance;: Teehnclogy, should be set up. 

Manchester provides tiie only ■f'irst degree course in 
'Technology'? B, Be. 'Tech.) at a Britis.h Unive r si ty. 

Cambridge and 0>lorJ still give it as B.A. degree in 
'Mechanical Tripos'. 


There are 33 important profession;?! institutions in 
Great Britain, some of which are incorporate'! by Boyal 
Charter and Membership of ri'.e top Engine"" rin>; Societies 


is highly valued. 

iii) dp st dp I'-rfian i'■ ~r, Meet Germany, there are B Technical 

Universities c-ellt d ‘'Techni sche Honhsehule, T.ach yea", 
about 5,0C0 stu’ients of th# 55 thousand students at the 
B "Techni sche Hoc'nschule■' (T.Iic) obtain 'i lielr degree of 
iiplom I-hysiker, >iplom Ingeneur, U.plon hiati-eniatiker. 


etc. 
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In T.H. the ProfpFsore alone lecture. The Irofeseor? and 
other Trembers of hi s department ore taken from indi:istry. 
The benefit? of industry so formed co/ntribute yreatly to 
the success of the T.H. .1 man from induetrv will be able 
to teach the students bctli the ■iesi;-jn and application 
aspects of the industrial product's. The average student 
arrives at the T.H, at the a-^e of 20 and talies 5i’ years 
to ._^ain IJ. 5 degree called ’ Oipiom Ingeneur'. The next 
degree is a Doctorate.. However, about 5'" of such stu¬ 
dents stay on to co.nduct research on a fiyed salary. 

After about 6 years, at the a:’e of about 26 rhey laave 
the T.H. and then go strai.'-ht to the industry and take 
very repcnsible ,1 obc.. 

The idea of getting Professors from in-lu.'•try is very 
difflcu.lt to i;rir;le!rient in Indi-, b-'ca”,-:? iriustry offers 
higher salarip.s .Oi.d cmlier brnr-f'icr.l'.e rex'i .^ed 
salaries of Professor.'- in lecunicol I;, .‘"ti tut? on.® will not 
attract them fro.n Industry, 


iv) The n. 


Q Q i? 


T h id i n i .® t r y o ?!' ''r,> e c 1 a 1 i .s e d '“ie c 0 n -d a r '/ 


and Higher Education with headnuartein Moscow is the 


control centre for Lhc technical, school ,®y.stem in the 
TJ.A.s.H„ In the schools of basic general education 


(7-year incomplete Secondary or 10-year complete Secon¬ 


dary), the Russian student first of all acquires an 
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educational background with stress on Mathematics, Science 
and work practices. The curriculum for schools in basic 
general education would include a study of the Russian 
Language and literature, mathematics, history, geography, 
biology, physics, astronomy, chemistry, a foreign language 
physical culture, general and technical drawing and even 
singing. 

In addition to the above, the student js required 
to qualify in actual work-practice, which contributes to 
the Soviet Economy. In rural areas, the work-practice is 
usually agriculture and the use of agricultural machinery. 
In urban areas, it is in industrial production. 

The 'Technicunis' are a -peclality of Russia. They 
are a part of the sp»^cialised secondary school system, 
producing the technician for the expanding economy of the 
country. Out of the 3,600 specialised secondary schools, 
12CC are Technicums. 

ii recent and broad developrien: in ''echnicums is a 
system of part-time evening attendance and correspondence 
school training, -^ibout 50'^' of all Technicur. enrolment 
are in these latter two types of training programmes. 

In the case of correspondence training, an attempt is 
made to provide equivalent full-time education by 
requiring such students to leave their work in industry 
for certain periods in ord'=r to do laboratory work in 
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Technicuias. Technicum education plays a elRnificant role 
in the Kuseian Economy. 

The Technicum curriculum ie broadly divided into 
5 distinct parts. The student has tc study political 
economy and the elements of hi.^her mathematics in the area 
of general education. Foreign languages - English and 
German - are optional. The technical subject matter in- 
cludes5 Technical drav/ing^ engineering mechanics in the 
•3 phases of tijenrei:ice 1 mechanics, reei^tonce cf materials 
and machine parts- TLie a.rd cycm^ of specie”, training 
consists of subject-matter- uinoh is distinctly in the 
ares of the specialit;^ ic<‘ which the f-tud.-nt is preparing. 
The 4th arsa is physical training. The 5th area deals 
vnth practical occupational experii^nce ap.d trpining ob- 
taine,.! by working in an industrial ente rl se related 
to the Technicum and the pr-er.aration of o diplo’jja subject. 
Every student of the Ter.hnicum (incln.ling Cerrespondance 
and evening courses), mr-t conduct an original diploma 
project and submit a report. He has to collect data in 
two months and in othsr 6 weeks he nas to write the 
report. Thi^ diploma project appears to l><= the final 
examination, opplving the education and training the 
student lies rec'^Jx’ed to some concrete industrial problem. 

The major full-time day enrolement is from the 
7-year school rather than tiie 10-year school. It is 
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interesting to note that nearly 40% of the Technicum 
students are women. 

A prominent feati’re of the Techni cum level of trai¬ 
ning is the constant encouragement of workers to pursue 
further study, either through the enrolement in evening 
classes or by correspondance. Elucntion, in general, 
in the Soviet Uni on, is fr^e of tuition fees. 

It would appear that, in the Technicum, the student 
is expose! to the way of life he can anticipate upon 
graduation. He gains wcrks-eyperience and is exposed 
to the arts and entertainment. He ip encouraged to 
develop physically and also tak- part in the political 
system of his coi'.ntry. 

(In recent times, ? n the U.f-f.H. each year two 
or three times as many scientists and technologists 
graduate as in the U.S.iv, and the production of qualified 
people is accelerating throughout the Ci.'rrent decade. 

With only half as many :.;ra'.iuatf's as the TJ.S.A., the 
U.S, Soil, has greater number of professions in engi¬ 
neering, and otlior fields of appLiel science, and the 
coviet rate of growth in these fields is more than 
twice, that of the U.S.A. produces about 

90,000 engineering science and applied science profe¬ 
ssionals each year and the Soviet Union's production is 
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1,90,000 annually^ It ^was estimated that in 1960's 
would reac-h 2,d0,0C0 annually, moie than twice the rate 
for the sT.S.k. In terns of nuajity, Soviet professional 
higher education in most scientific and engineering fields 
is atleast equivalent co anci sometimes more than in the 
U.S.A. or Western turopean institutions of higher 
learning). 


iv) India I 


A survey of the needs of the country as a whole 
in the field of iiigher technical education began with the 
establishment of the All—India f’OunciX for xechnicol 
Education in 1945. The Committee, under the Chairmanship 
of Sri ‘■Wh- Sarkct, advised the Government to provide 


facilitie'^ for advanced technical education with a view 
to meeting the problems of pos'-wr.i undustries. Tnis 
comm.ittec recor.rif ndsd the f stabli shment of 4 H-: ,^her T<-ch- 
nologlca'l Institutions (-'.11'S) in rhe four regions of 
the count-; -ith a total capacity of 2,000 under-graduate 
and 1,000 post-gra'iuatc and iir-searc-h students, the fifth 
I.I.T, was established at Delhi, olth British assistance. 


Further pro/re-s in technical education ''^as the 
establishment of hegional Engineering Colleges in most 
of the States during the Second Five fear ^lan. By 
1965. fifteen such Regional Colleges have been estaolishea, 

one in each state. 
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Engineering colleges established during the First 
and Second Five Year Plans had a normal admission strength 
of 100-pl20 students annually. The present trend through- 
out the country is to have bigger institutions so that per 
capita cost is reduced considerably. The average admission 
strength in the Regional Colleges now established in 250. 
Very recently it has been propo‘=ed to increase the admi¬ 
ssion strength of in'^titntlons earlier .from 120 to 180. 

Some of the older institutions like Ihjindy, established 
in the last century h-’ve alr-^ady got admission strength 
varying from ’^50 to 400. at the present stage of 

development, in India there are siy different typss of 
Engineering or Technological Colleges or Institutions! 

1) The Indian Institute of Science, Bangalore 
and the Indian Institute of Technology. 

2 ) Two Engineering Universities! (a) Roorkee and 
Jadavpur. 

3 ) Fifteen Regional Engineering Colleges 

4 ) Govt. Engineering Colleges in the several 
States of India. 

5 ) Private Engineering Colleges in the 'several 
.states of India. 

6 ) Other private institutions coaching for 
ii.H.I.E, etc. 
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(l) and (*?) give 3,Tech, or B.E, and also post-graduate 
qualifications like M.E., M.Tech., Ph.D., and D. $c. 

( 3 ) and ( 4 ) basically give B.E. degree and some even 
post-graduate courses leading to the Master's Begree, 

The main branches in which Engineering Colleges 
give Bachelor's degrees ares (1) Civil, (2) Mechanical, 

( 3 ) Electrical, (4) Telecommunications, (5) Metallurgy 
(6) Chemical and (?) Aeronautical Engineering. Only the 
Madras Institute of Technology, which admits B.Sc. boys, 
has four rather unusual faculties, leading to Dip.M.I.T. 
(declared equivalent to the B.E. dep^ree by the IT.F.S.C 
and most State Governments). These .faculties ares 
(1) Electronics, (3) Instrument Technology, (3) Automo¬ 
bile Engineering and ( 4 ) Aeronautics. M.I.T, courses 
are of 3 year's duration. 

No Engineering College in India gives a B.E. degree 

in the first three faculties. That way the M.I.T. courses 
are unique and its dinlomates get jobs in industry readily . 

Of late, some engineering Colleges have also started a 

3-year B.E. degree course for B.Sc. passed boys in 

the traditional branches. 

While framing the syllabus of the 5-year Integrated 
B.E, cou.rse, the AlOTEhas realised the growing impor¬ 
tance of mathematics and science content at the under- 
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i^radTiate level and so recoinniendfd matherriatics to be taught 
for 4 years, Physic? for ^ years and Cheriistry for S 
years. Basic Electronics is made compulsory even for 
Civil branch students, -fill the H.E. course? have notvr a 
cou.rse of 'Instrumentation' and advanced mathematics 
and materials technology as compulsory subjects. 

Thus, India has kept in view the modern trends In 
the field of Engineering education in the West, parti¬ 
cularly the U.S. , and has constantly been revising its 
syllabus to include more of mathematics and physical 
sciences and basic tools likes 'Electronics', 'Instru¬ 
mentation' and 'Materials Tpchnology'. 

Frr^quently, ve hear that our engineering course? 

In collef?:es should be reoriented so that they raay have 
'industrial bias' ’.dil ch can be achieved ohly by courses 
like the '’Sandwich cour'^'( s" in the U.IC., and West Germany, 
and "Co-or.erative course?” In the TJ.S.A. There Is a 
great nee ;1 for interaction, between colleger and industry 
in future in India as there has been interaction between 
the College of Advanced Technolo.gy and industry in the 
UJ'v. We too should re-orient all our Indian Engineering 
colleges somewhat on the pattern of -A'Es in the U.h., for 
we should integrate, scientific knowledge with a purpose. 
If understanding is the fundamental goal of a scientist, 
utilisation is the final goal of engineers. 



§70 


ALLIED PROBLEM 

i). Planning of Technical Man Power 2 

In every country, some sort of planning is done 
regarding the Technical Man Power. An Engineering Per¬ 
sonnel Committee appointed by the planning commission in- 
its report in May 1P58, recommended the establishment of 
more engineering Colleges and Polytechnics, throughout 
the country. At the time of the outbreak of Morld War 
II in 1939, India had only eleven Engineering Colleges., 
Today, vre have over 120 Engineering Colleges or Higher 
Institutions, with an annual admission capacity of over 
20,0C0. That Committee made certain fore-casts, which, 

I regret to say, have not proved suite correct. 

Even in the n.R., planning forecasts have been 
widely off the mark, e.g, 

i) although the annual number of students quali¬ 
fying in electrical engineering will rise by over 50^ 
between 1960 and 1965, there will still be vacancies 
for about -4,000 In the later year (1965): 

ii) notwithstanding tke cent.ral position which 
mechanical engineering occupies within technology -as 
a whole, the annual output ol quolified mechanical 
engineers win have fallen by over 30^ ovr-r the same 
period. 
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Every country is faced with such problems arid is 
having some difficulty in resolving them! 

ii) Supply and training of Technical Teachers 

Every country is complaining of a grave shortage of 
technical teachers both in number and quality. In India, 
the average figure, as per Thacker's Committee Report is 
about 4G'^> for engineering colleges on an All-India basis. 
There are some institutions in our country where this 
shortage is even or more for atleast some months in 
the year, in branches like mechanical engineering and 
metallurgy. Even in the IJ.K. during 1^155-56, the number 
of full-time staff in technical education was 11,500; the 
present estimate of requirements for 1965-7C is about 
57,000, while number of daces in the Technical Teacher 
Training Colleges is about 1,200. It is gratifying that 
about 100 of the Technical Teacher Training College 
students in the U.K. are from Commonwealth countries. 
Luckily, steps are being taken in several countries, in¬ 
cluding India, to have Technical Teacher Training in 
well established Engineering Colleges and also to esta¬ 
blish separate Technical Teacher Training Institute, 
apart from the Refresher courses and summer schools, 
covering teaching methods. In my opinion, the training 
and adequate supply of technical teachers is the foun¬ 
dation on which all plans for the future development of , 
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engineering education rest. This nust be given the highest 
priority. 

iii) I^xamination Sy.stcm: 

An important aspect of Engineering Education is the 
examination system and methods used for the grading of 
candidates add evaluating their performance in theory, 
practical and oral. These systems vary very videly 
from country to country as regards question paper-setting 
and methods of valuation x\dth internal and external exa¬ 
miners, In India, ve have a system of sessional marks, 
v.rhich every engineering teacher considers as a necessary 
evil and very often the students feel that the teachers 
are abusing. If sessional marks are abolished, it would 
be difficult to motivate and measure the short-term 
progre'^s of stirients. The evil effects of the abuse of 
sessional marks can be minimised, if they do not form 
more than 20 to 25 per. cent of the total examination 
marks and there are both internal and external examiners 
for valuation of (i) Theory, (2) Practical and (3) 
viva-voce. 

Here again, each country must evolve its own method, 
suited to its own sociological conditions, Neither the 
problem nor the solution with regard to examination 
system is as naive as is mentioned here. It is too 
involved to be elabovroted in greater detail here. 
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GONCLUSI ON; 

All over the ’vorld, there is a fear that in the 
foreseable future, there may not be sufficient number 
of qualified technologists to meet our needs. 

The function of all types of education, including 
engineering education, is to prepare a human being for 
life in a complex society, an institution meant to 
produce technologists must produce well-rounded persons 
able to appreciate their role m society. The rate of 
technology is so rapid that no technologist can hope to 
learn at the College all that he will need for say .-^0 
to 40 years of his working span of life. He will be 
taught, like the scientist, how to learn and think for 
himself. A practising engineer must continually gather 
new knowledge or he will become a back number. It,there¬ 
fore, becomes necessary for a practising engineer to 
spend continuously a part of his tir:e in self-education, 
through refresher courses and reading new books and 
,1ournaJ-s, if only to save himself from obsolence. 

I may here quote fr-om Maurice Goldsmith’s booklet: 
"Careers in Technology". 

"There is no ma.ior mystery in the immediate techno¬ 
logical future. The machines that will be in use in a 
few years' time are on the drawing-boards, the new mate¬ 
rials and processes that will serv^^ us by the end of the 



rrc 


2^4 

jC't. f Q f'’- {*“ ■‘o f *1 in 'h }'' 4- . JL ^ 1 

^ t ^t ■* f" 11 c* n''} 4" 4 . 1 

..nJ the tpchnolo-^^ c . 

Who win tte f„tur. in th- nec. nm .-nendv opt of 

their cradle.. Although this is so, there remains a basic 

problem we are attempting to solve now: ho-v to ensure that 

the next generation of technologists receives the Wnd of 

oauc-dtion that will fit them for oor rapidly changing 
world". 

•'hat IS the direction we need to follow In conslde- 
tlhg the future, education of a technologist? I cannot 
hnow the complete .n,n,s,ver, for It win depend on the tasics 
he will be required.to solve, and the nature of the scien¬ 
tific Industrial machine that will be set up for him to 
work in. Ihese things seem to me to be obvious; producti¬ 
vity of goods will increase (estimated by atleast fifty 
percent by 1970 in the TJ.S.n. alone); hard physical 
l:.hou.r by moh will tend to disappear and routine mental 
taeks win be performed by machines. Our simple machine 
will oe replaced by a „ew complex based on what we now 
call •autom.-tlo.n'. (There win not be any alternative 
to this development In the highly Industrialised coun¬ 
tries of the West no only about ten percent more human 
effort win be available to meet the increased demand 
for goods and services), develop.-,ent 

will depend on the effectiveness with w.hl ch newly disco¬ 
vered laws of nature are applied purposiveiy to raise 
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productivity. The links betxireen pure and applied research 
will become closer". 

With this background against which we have to consi¬ 
der the t>’ends in Engineering Education, I wish to conclude 
by saying that? 

i) Plan we must, but it would be less-than realistic 
to plan far too ahead in our fast changing nuclear and 
space age; 

ii) 'ihile it is useful to draw from the experience 
of other countries, it is neither possible nor desirable 
to copy. We would do well to ensure that we do not 
repeat the mistakes of others; 

iii) The nature of the problem being dynamic, its 
solution calls for open-mindedness more than anything 
else since there is no finality, much less sanctity about 

tne ideas, plans, or schemes evolved. The means suggested 
to solve any problem r.'c any time must depend upon the needs 
and resources available. This implies that the constraints 
and characteristics:; technological, social, political, 
cultural, etc., which are even so peculiar to any country, 
have to be primarily taken into account. 
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DISCUSSIONS 

R. P. ARTHUR wanted the syllabus to be made more flexible 
so that when new courses i/ere offered, students would be 
able to go through it without much strain. The position 
of the teaching staff in the society should be improved 
not merely by raising the salary but by several other 
means so that the teaching profession will not be looked 
down. 

According to him, one of the methods of improving 
this would be to place the teachers in firms at least for 
one day in a week. The necessary arrangements should be 
made by the administrative authorities in each institution. 
This association with industry will tend to benefit the 
students, the institution and improve the position of the 
teacher in society. 

S, SANKARikLINGiiM asked whether it is advisable to continue 
increasing the strength in Engineering Colleges. He said 
that It is-desirable to increase the mathematics and 
science content in the Engineering courses. But he won¬ 
dered how many of the students admitted will be in a 
position tc go through such a course. Since many of the 
students took up work in engineering Industry or Govern¬ 
ment where much of mathematical or science knowledge vras 
not required, he asked why should an Engineering student 
be burdened with such unwanted subjects. Regarding 
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teaching staff, there always be a shortage. Since the 

creative urge is there in every individual, the teacher 
must be placed in industry where he can have responsibility 
and get the satisfaction of certain achievement. 

V.V.L. RAG in his summing up,said that there was nothing 
wrong in our syllabus and that it was left to the teacher 
to lay emphasis on more important points. The course 6ould 
be made more flexible, by teaching the basic subjects in 
the first two years and flexibility can be aimed at the 
higher levels. Regarding shortage of staff he felt that 
close co-operation with industry will be an advantage and 
that a close liaison between college and industry will 
improve the position of staff in c-..lleg'=s. This will also 
place the teachers in r better position in society. He 
suggested that top engineers from the industry could be 
appointed ns visiting Professors in Colleges. 

He said that spending a day in a week in industires 
is in vogue in England for quite some lime, and that it 
should be tried out in India. He was certain that it Tvill 
prove successful. In England, training in drawing and 
workshop technology is being reduced. But in our country 
however, they cannot reduce drawing courses at present. 

But some of the workshop training can be reduced and 
this training can be given at the high school level 
it self. 
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He said that to start an Engineering College, about 
60 lakhs of rupees vere needed for buildings alone. To 
obviate this, shift system was thought of at the initial 
stages. But the lack of staff for evening classes proved 
an insurmountable problem and hence they have to increase 
the strength in the Colleges. 

He said tnat the trend all over the vorld was to 
increase the mathematic and science content in the courses. 
But a differentiation can be made between scientific tech¬ 
nologists and engineering technologists. By suitable 
arrangement of the courses, such a differentiation can be 
done to cater to the needs of the country. He suggested 
the following books for the study of trends in the fields 
of technical education. 

i) ''South Kensington to- Robins" 1851 - 1963 published 
by Orient Longmans. 

ii) "Careers in Technology" by Monis 

iii) "Trends in I-ngineering Education" by Brigadier 


Bose, 



THBMDS IH THE FIELD CF ENGINEERING EDUCaTIC:: 

B, SENGUPTO 

An extract of the speech is civen below; 

In the early period of technical education in India, 
the orientation i-ias to provide training in building work, 
road work etc, to cater to the needs of the British' and 
that this has been true in all countries and at all times. 
Depending upon the development of the country, the curri¬ 
culum laid stress on certain aspects or objectives set for 
realisation in the country. 

In this context, if they examined the trend in their 
technical education, the conclusion could be that the 
curriculum has not been set to be oriented towards the 
objectives. The fourth Five Year Plan has set certain 
targets for achievfcmento But it has not been clearly 
laid out, what t'?pe of personnel are required and on 
which aspect the stress should be laid. He wss of the 
opinion that vre are drifting from tlie requirements of our 
country as our objectives not been fixed. 

He said that Diploma and Degree curriculum have not 
been drawn and fixed properly. The degree curriculum with¬ 
out certain portions or chapters has become the Diploma 
syllabus. The technicians are not given the skilled 
training that they require or need and that the syllabi 
have not been oriented to what the student would do 
afterwards. He felt that their type of education must be 
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defined against their background, by Indian Engineers and 
Educationists to suit Indian conditions. 

Hp suggested that if our education should be per¬ 
fect they must decide their objectives, fix the number of 
personnel needed for various trades and give the type of 
training that the country needed of them. 


DISOJSSION; 

y.V.L. RliC said that each country must develop its own 
type of technical education. Ihe trend in Western coun¬ 
tries is towards more science orientation. In cur country 
probably we can have two strearas- 

i) Science Oriented and (ii) Technology Oriented, 

M.F. Mi'-THEi'J said that they have degree, diploma and tech¬ 
nician courses and besides that, they have the Junior 
Technical Sciiools an-l Government Technical Institutions. 

He wanted to knew tl^e place of tin last er-ire in Engi¬ 
neering practice. 


N.M. JrH‘Ei.PDHi4N wanted that a dlploi.i;a holder be given a 
chance to become a degree holvler. 


F. PUPJJSHOThVd'IAIJ Sold that some one bias pointed cut that 
tiie Indian mind cannot move out of generality and come 
to a particular aspect. Thinking aloft, we have been 
planning on a wide-scale, but falling short of achievement. 
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He wanted this trend to be alterel. 

K,So HEGdE said that the point of view of SEN GUFTO was 
that Engineering Education is at a slightly lower cul¬ 
tural level. This was not true. Engineering uses the 
basic facts of science to nan’s benefit and engineering 
has cultural education built into it. He said that 
Engineering is universal and hence engineering educa¬ 
tion need not be based on Indian conditions. There is 
no harm in engineering education based on universal 
experiences. 

S. ilARtiYAENi BliiiT wanted tp know whether there can be a 
yard sticlt to divide the students between the various 
branches of Engineeringo lie felt that they must have a 
spiritual bias towards education. 

LEO V» MCTIiSTIilE said that perfect, conditions are not 
attainable. But according to him a goal can keep 
moving towards it. 

In his summing up B. SEN -TIPTO said th«t any 
education is not inferior to others. Mathematics gives , 
education, but it dops not give culture. Nhen one 
apprecioted the beauties of nature, one becarae cultured 
whatever profession he might belong to. 
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He said thi.t it was not his aim to devf=lop indigenous 
education. When they import foreign education they must 
adopt it vith proper modifications. Education must be given 
by our people, to our people for our progress. 

According to him a diploma holder may be given a 
chance to become degree holier. But, that should be only 
by proving himself as fit for the degree level - he should 
obtain the same proficiency in Mathematics and Physical 
Sciences as a degree holder. If the same salary condi¬ 
tions and social positions are promised to the diploma 
holder, the drift from diploma to degree level will dis¬ 
appear. If science oriented and technology oriented 
courses are started, the former would receive greater 
patronage, which must be avoided. He felt that if 
equality was guaranteed, the two stream proposition 
would work. If we knew our needs, our mind and our tar¬ 
get, we could formulate a course or curriculum to suit 
our condition for a particular period of time. According 
to him Diploma education is the pivotal point of our 
industry and education given to them should be thought 
out well and in a planned manner. 



evaluation of teachers and TEaCHI^'Ct 
I.O. EBERT 


j'iost teachers are dedicated people who sincerely 
have an interest in stndpnts and their progress. Because 
they love their work and the sparking of the interest 
and ambitions of their students there is often the feeling 
that actually this is not X'fork , rather it might be clas¬ 
sified as a paying hobby. Indeed, this view is often 
fostered by administrator's and governing bodies who con¬ 
sider dedication as a part of the pay, so as to keep the 
actual monetary rewards considerably below that of 
indu stry. 

On the other hand, it must be admitted that the 
teaching profession harbours o certain number of misfits 
who have chosen tesehlng as a haven from the rigorous of 
industry. Unfortunately these escapes from the cruel 
world are rarely fit to be tenchers and do much to create 
a bad image of all teachers in the eyes of the public, 

system which gives increaseii rewards and promotions 
purely on the basis of seniority, without regard to per¬ 
formance, encourages the non—dedicated and discourages 
the competent-teacher. So we have the question" How can 
good teaching be recognized and measured so that propor¬ 
tionate awards can be made? 


883 
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In thp final analysis, the measure of a teacher is 
the value to the student of the new information and 
insight actually conveyed and the degree to which the 
teacher has inspired the student to pursue knowledge 
and culture on his own. Unfortunately, neither of these 
factors can be readily measured. I suppose one approach 
to the measuring of information conveyed might be to 
weigh the teacher's lecture notes. If we could assume 
that every teacher's notes were written with the same 
degree of terseness and all were enual in the ability 
to transfer this information to the minds of the students 
this might have some-. validity - but immediately we can 
see the fallacy of such a scheme. The assumptions are 
clearly untenable; besides, quantity of material presented 
cannot be equated to the value of new information actually 
conveyed. Nothing is more boring than rc~hashing of 
material already known, particular!^' if the so-called 
teacher presents it uninterestingly and does not propose 
new ways of viewing things. Thus we are left with no 
accurate way of assessing the value of the new material 
conveyed. 

The second point made was that a measure of the value 
of a teacher is the degree to wJiich he Inspires the student 
to pursue knov'ledge and culture on his own. If measuring 
neiy information conveyed is difficult, measuring 
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inspiration i s-impossible. The fact is that the student 
himself may not even realize he is inspired. He may 
admire the teacher and went to emulate or perhaps to 
please him. He may 'hate’ the teacher and work just 
to demonstrate that the teacher is wronf] in his views of 
the student's stupidity or he may study to 'spite' the 
teacher and deny the teacher the pleasure of failing him. 
The student may be reacting to fear of an impending ejcami- 
nation. Vv/ho will deny that the.se things are inspiration 
as is anything which encourages or forces the student to 
learn for himself? Very important in this category is 
the inspiration a teacher gives which will make a student 
curious so- he continues to .study beyond the bare essentials 
or continues an interest long after tlie final marks have 
been given. How do we measure such things as this? 
Certainly not by stu-Jent evaluations of the teachers as 
proposed by some.. While student evaliiations have some 
validity and should be taken seriously, they u.sually 
average out to little more than a popularity contest. If 
a teacher is a 'good .ioe' and 'one of the boys'. If his 
lectures are not too demanding and if he gives good marks 
he is almost a sure winner in the student evolu.ation poll. 
As one great philosopl.er * remarked recently "often a 
student doesn't realize until years 

^Professor Leo Hothstine 


later j u st how rmj ch 
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he learned from some teacher who dirln’t particularly 
impress him at the time”. 

The evaluation of Collea/^ues is apt to be even less 
objective than that of the students. Colleasues rarely 
attend our classes (we probably wouldn't want them to). 
Except for those in the same speciality area, they don't 
even know what we are supposed to cover, dione of them 
really know how effectively we do our ;|ob. 

If colleagues, who at least have close contact with 
the students, are unable to judge our teaching accurately; 
how much more difficult it must be for a department head 
or other administrator who is normally aloof from the 
students and is often the same to much of his staff. For 
an administrator to Judge the teacher by the few voluntary 
student reports he receives is unrealistic because rarely 
does a student seek out an ad.mini strator to commend the 
teacher. Usually only dissatisfaction 1^ cause him to 
make the effort. 

In these words 1 have sought to emphasize the inherent 
impossibility of measuring the real value of a teacher. 
Cannot we see then why administrators are so prone td 
seize on other bases for comparison of teachers? 

What is his most advanced degree? What research has 
he done? What papers has he written? Bocks? Spea- 
ches made? Professional Society work? Civic activities? 
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summer work or con-altingV Religions or political activi¬ 
ties? ’.'/hat student activities does he supervise? What 
coininitt 60 S doss he serve ? etc* 

''fhile such activities may have desirable effects on 
teaching often they have adverse effects. They do, how¬ 
ever, have the ottr/bute (from an administrator's point of 

view) that they can be readily measureds in quantity if 
not in quality. 


has been stated in previous sessions research by 
thp teacher has the benefit of giving him close contact 
with the frontier- of knowledge - but does not guarantee 
that his teaching will be improved. In f^ct he often 
becomes so involved in this researcli that his teaching is 


neglected 
are often 
this rese 


. Also, teachers whoso duties include resecorch 
given re'iuced teaching assignments to permit 
arch. J'.ow unrealistic it is to judge one whose 


du t ie s u re s ai r- ly t 


ing on the basis of number of 


research papers written in competition with someone,whose 
auties include research. Jilso how imurcper it is to use 
the other non-teaching criteria enumerated ns a basis for 
judging teaching] 

The problems of evaluating teaching have been stated 
nere and uy the previous speakers. We have also nut 
before you a number of reports and bulletins?, two of the 
most significent of wnj ch are the publications of the 
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American Society of Engineering Education entitled 
’Report of the Committee on Recognition and Incentives 
for Good Teaching' and 'Report on Evaluation of Enginee¬ 
ring Education' - otherwise known as the Grinter Report, 

I commend both of these to you for your study. 

Another aspect of this mornings topic is the evalua¬ 
tion of teaching. We often tend to equate this with the 
evaluation of the teacher but it is not the same. The 
teacher himself needs some method to evaluate his own 
teaching. We in the United States are able to do this 
quite effectively through proper use of the internal 
examination so that during the term we can determine the 
effectiveness pf our teaching and modify our plans to 
correct deficiencies. I cannot emphasize too greatly the 
importance of an effective internal examination system to 
permit evaluation of teaching as well as attainment by the 
student. 

Your comments and questions on this topic will be 
most welcome. 

Thank you. 



evaluation of TEiiaiLM AND TEAaiING 


LEO V. NOTH STINE 

An eytract of the speech is given belows 

It Eight be difficult to satisfy all students and 
at all tiEes. a good teacher might be required by his 
students to take more subjects, more number of classes 
etc. From the point of view of colleagues, a teacher 
might be evaluated from- the number of papers ?'ublished 
whetJ'ier he was energetic in his dutiesr, whether lie was 
generating new activity, v/hether he had contributed to 
the develcpnient of the institution, etc. 

dhe three opinions that matter to a teacher ares 
opinion of the students'; opinion of staff;, opinion of 
administration, v.n evaluation form to obtai:''i the 
students' opiriion on such; things as- 

i) from wi-iom did they learn most 
ii) what ciionger vrould they like in the curriculum 
and ill) how could the institution serine the student 
c omrau n1 1 y better ? 
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EVaLUaTIO!'? of TEaCHIB and TLACSilNG. 

W.J» FEIEREISEN 

An extract of the speech given below! 

Every teacher must have an objective. He should 
develop a speciality in a particular field and become an 
expert in it. The teacher must have the capacity to draw 
the students to active participation in discussions. 

He •Jas of the cpinion that any evaluation system was 
only a partial Judgment, Any such system ohoulcl consider! 

(1) the ability of the teacher to inspire the students, 

(2) the teaching al^is used by bhe teaciier - whether they 
were good. (3) whether he helped tiie institution in 
professional guidance, (4) whether he provided consul¬ 
tation service to firms and industries , ( 5 ) whether he 
took interest in community affairs and (6) whether he 
took interest in furthering his knowledge by registering 
for more courses in the early years and later by publish¬ 
ing research papers. 

As the results of any evaluating system vrere quan¬ 
titative. he sug.jested that it should be the Faculty 
who should run the unive-^sitie r and not the adminis¬ 
trators. 
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DISCUSSION^ 

S. SA''}\.is.i*!iiLINGAH said that 
challenge to the individua 
hiitieelf to the profession 
by cheap means, a teacher 
number of papers published 
might generate a tendency 


teaching profession was a great 
1 . The teacher should dedicate 
chosen and not aim at popularity 
should not be judged by the 
by him. He warned that this 
in him to slacken in teaching 


or neglect it altogether. 


P. PTJRUSKOTHAMU c,aid 
properly anywhere in 


that teach-rs have not been evaluated 
the world. The control is in the 


teacher himself and it 


is important to evaluate 


oneself. 


1 . C. ChANDRiiS] KAitiJ'T wanted to know the role of the 
administrator in evaluating the teachfr. Ke suggested 
that it should not be harsh and biased. 


S. NAKjiSIMiL4N said tl:at if there 
will be the fear that one miglit 
not work well; it would develop 


was less security, there 
get thrown out if he did 
an atmosphere for better 


work. 


In his summing up LEO Y. NOTHSTIME said that the 

curriculum, environment, subjects, laboratory systems, 

examination systems etc. contributed to make a teacher. 

If they wore good, the teacher would improve. But he 

warned that if they were bad, even a good teacher might 
drop in proficiency. 

V.Y.L. RiiO said that by way of 
good to know wiMt our students 


evaluation it might be 
think of us. 



EXAMINaTICJ'TS ii?JD INTLRTIaL ilSSESSHII-IT CF STUDET'TTS IN 
n^GIEfLERING COLLFGES* 

T. I€JTHIAN 


The objective? of engineering education areJ 

(i) A mastery of the relevant fundamental scientific 
principles. 

(ii) A knowledge of their limitations and their appli 
cation in Engineering. 

(iii) A preparation for the performance of one or 
more of the functions of analysisj design, construction, 
operation and production. 

The methods of instniction and training intended to 
achieve these goals should be so designed and devised as 
to draw out and develop to the maximum extent, the latent 
talent in each stir.lent. The liemand cn his time and facul 
ties shoul;.l be such as to stretch him to the utmost of 
his capabilities, so that his performance, both as a 
professional and as a citizen, would be at the highest 
level of his competence. The appropriateness and relia¬ 
bility of our examinations and tests depend upon best 
they lielp to measure tlje achievement of the<3s goals. 

Engineering is far from static. It is a creative 
profession that 1 <= essrntinlly dynamic and constantly 
advancing. Education for engineering is a process that 

must continue throughout one's career. One of the most 

*Th6 paper was presented by br.V.C.Fulandaiswamy, since 
Sri 1. hut hi an was on n tour of 
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significant instructional goals in pngincering education 
is to motivate and help the student to learn on his own. 

Success in engineering, or for that matter in any 
profession, demands sustained, purposeful, systematic 
hard work. The ability to submit oneself to exacting 
mental effort over long hours can be acquired only 
through proper training and practice early in life. 

Briefly stated, an engineering student should be 
helped to acquire, necessary knowledge of science and 
engineering, an enthusiasm for learning, the ability and 
the motivation for learning on his own, good characteri¬ 
stics of critical thought, and the capacity to apply 
knowledge to new situations. The usefulness of the in¬ 
struction and training imparted must be fudged against 
these criteria. , 

At present, the progress of the rtu'-lents in engi¬ 
neering colleges is ass'-ssed mainly through terminal 
examinations, drodes are awarded cnl? on the basis of 
their performance in the University Ixamlntation. 
Sessional marks ranging from lO'^ to ■'^•0'^ for theory and/ 
or practicrols are allotted for certain sul.piects and they 
are adled to the merks obtained by the candidate in the 
University Examinations. 

Exp-erience has shown that the poor standard and 
large number of failures in the annual examinations are 
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priroarily due to the fact that the students do not vork 
intensively throushout the year. Sufficient attention is 
not bein- paid to their day-to-day work. Their progress 
is not watched and evaluated regularly. Consequently, 
they under.yo the course almost as a routine, postponing 
serious study and assimilation to the last few months 
preceding the l-niversity Eyaminati ons, and inevitably 
many of ti^eji fail. It is imperatively necessary to 
remedy this situation. Through a system of periodic 
testing and regular assignment of homneork, the students 
should be male to develop the ability for self-study and 
the habit of sj/stemat i c work. 

general procedure, for mecssuring and progressively 
evaluating the stwlent attainments Is outlined below. It 
is aimed ats 

(i) Enabling the student to develop the ability for 
self-stu.'ly and assimilation; 

(lii Slaking the student vi^ork systematically and 
Intensively throughout the year; 

(iii) Improving the standard and effectiveness of 
the instruction imparted. 

E DU Cn.T IOlbiL i'lEii SUdEI lETlT; 

In any field of human endeavour, there i.s a need for 
evaluation, to assess the extent to wh.i ch the objective 
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has been realised. In educrtion. oral and written exami¬ 
nations and performance tests are emplo^/ed as mea-nring 
aids. Al-aost any examination will measure something; but 
t-.e exc,mination must be so desi gned as to measure the 
qualiries intended to be measured, a test that is expected 
to measure knowledge should not end in measuring the speed 
or writing. An examination intended to measure thinking 
biliuy must not turn out to be a measurement of memory. 

In short, a test must be appropriate for the purpose for 
which it is intended. 

Anctiier important cljarocteri stic of a test is its 
reliability, ihe final outcome of a test is a function 
of many variables. The individual character!sties of 
the student, the standard of his knowleige, and his 
ability to use it, are the only variables that sliould 
govern the result. But thera are others like the 
examiner, the grader, th'ie jmysical condition and mental 
state of the stu .lent at th-- time of the examination, the 
environment in which ttse examination i.s taken and the 
element of chance ti at favours some and hurts others. 

These extr-.oneou.s el'^ue*^ts cause fluctu.at 1 oes and re.-luce 
tne relia'jilic/ of -cne re.?ult. Whi]_p it ip j-^ot po.ssible 
to eiimin-ite the fluetu^o cioncompletely, it is possible 
to mi nirai se them. 
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-Lhe test.'j must be spread over the entire year and 
should be administered in all standard forms. It is 
accepted tnat an evaluation based on a number of measure¬ 
ments made during tne course of thp whole year is likely 
to be more dependable than th- one based on one or a fei-r 
tests. It must be borne in raind that every known form or 
procedure of measuring achieverimt, has some drawbacks or 
failings. Only by drawing upon a considerable variety of 
evidence can we be certain that cur judgment is well- 
founded and fair to the student, 

E -CANIWATIC’^T - A nrA‘lTT'lI^MG AND TJ./i,G}'IING AID; 

■^n importcint iactj often not stressedj is that exami¬ 
nation is not merely a measuring aid, but it is also a 
v-^luable teach.’'ng aid. j-^roperly planned tests at suitable 
intervals would be -/ery valuable botn to the student and 
the instructor. In his book on 'Efiv-ctive Teaching’. 

Fred. C. Norris lists out the bear firs derived from the 
Ifc.-ts both by th-- stuuents and th^^ instructor as fellows; 
"Faiue of tests to the students: 

(i) Te^t sco”e.-.. when properly derived show the 
student whet progress he is making in the course. He can 
compare his work with that of other students as well as 
his own previous work. 

(ii) Tests identify the parts of the course which 
the student, does not know well enough. Without tests, 
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students .lo not knov where they ere weak. 

Ciii) Tests cause the student to review work which 
iielps him to organise and retain i-aiowled.-^e. 

(iv) Tests jvlve the student practice in the applica¬ 
tion cf fundamental principles to vp.ryin ,3 problem 
situations, 

(•/) T'^sts wi-en prcp-rly constructed, help the student 
to distlnc.uish between the relevant and the irrelevant. 
C'ften, students spend ns ruetj t.lmte on minor details os 
they do oij the iiiore in.pcrtant ones. 

(vi) Tests give the student a better conception of 
!:he objectives of ti'.e course. 

.d'ii) Tests stinulote the student to make a 

greater effort to Isr.rn. 

Value of te'^ts to the Instructor-' 

(i) Test scores 5 how-‘the'instructor whether or not 
his pre sen rati on of the subject is sufficiently effective 
to accoKipllsh thp objectives of the course. 

(ll) Test scro-^s enable- the instructor to compare 
the effi-ct'ivene ss of different teaching methods. 

(iii) Test scorer shew the instructor ■'vhich noints 
he did not make clesuu, thus enaidling him to -30 back and 
clarify these- points. 

(iv) Test scor^us module the instru’ctor to give 
personoj] attention giTidance to the students who 



2Q8 


are erprriencing aifficulty with the subjecte. 

'■v; -?Ft eccree msy bP -usea to h^lp etnnaar-.lier in- 
Ftriiction ^-rhen there sre several spcticns of the same 
subj set s. 

(vi) Test scores mny be usel as a measure of 
a chievfnent. 

test is really an observation on the progress of 
both The student and the teacher os a team and provides 

useful information for the growth and development of both 
of them. 

AII., 3 i..-}■' i 'iEx- ■ST:H^-] ilId'JT 

I-nglneeri ne Instruction consists broadly of the 
f'ollowlnid 

Ca) Theo’-y end pr-oblf^'m solving 

1 b j Oe si t n a n d. hr a win g 

(c) Laboratory and Worlishop. 

In eaoh of these, rysten of testing and measurement 
ms to he'ip the growth and development of 
the student in accor'tanoe .^th the objectives of enginee¬ 
ring education and to assess reliably the progress he is 

making. 

regards frequency of tests, it may be stated th<?t 
many shore tests are better than a few long ones. In 
courses that need eon sidernble amount of rending and 
preprration, one may take it for granted that the students 
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do not do thp rpading unlpss they arp examined at frequent 
Intervals. They tend to procrastinate and resort to last 
minute cramming. A considerable part of the year is 
spent without intensive working, iis a general rule, tests 
should be conducted so as to esnure th. t the student 
preparation kef-ps pace with the progress of the course. 

Ca) Theory and Problem solving 

The instruction in theory would involve, besides 
regular lectures, the follcn-jing* 

i) heading ssslgnments 
iij Problem assjgnm*^nts 

iii) Oral qur^^tionr 

iv) Sfiort quizEPs (written) 

v) iiour pyaminations. 

fjcach one ol the above, if properly dp'^ignpi] and used, is 
a very va7.uable 100"ching aid as wo 11 os a measu-ring aid. 
details of testing, in rnrt, would depend upon the methods 
of instruction. 

For instruction to be effective, the instructor 
should prepare on outline of the course at least for n 
month in c..]vsnce. It is deslrdjle to give the outline 
for tfip vnole yef.o’ or ct I-- -.s!; for tl- quarter. 

The O'.ivancc outline siioul'.’i con-^'irt ."'f the material 
to Lie coverpil, an'’' t'-p or-'f^r ’ re'•entotin, 


reference s, 
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demo«st.,tlons and laboratory a^perl.enta connected, with 
the topic, may also be indicated. It 
folloving lines: 


•t may be on the 


subject: Strength of Materials 


Subject 

matter 


■Scone 


Cc imrin s 
and 

Struts. 


Heading 
^eferen ce s 
In addition 
to pres¬ 
cribed 



Buckling 

a) i-u 1 e r ' s co lu m 
theory for lone 
ccluiTins vith 

■ hinged ends. 

b) Other end 

conditions 


Text; 

Len Hi 

artog 

M 0. 

La b. 

Visual 

of 

Expe¬ 

Aids 

f e- 

ri¬ 

and 

ri- 

OCiS 

ment 

demon¬ 

stration 


2 


Text;Chaoter II 
i^rts: 36, 37 

= Eccentrically 
Loo. a p cl CO lu ffln s 

a) Se ca n t Pormu1r 
^ext:Chapter II 
Pages 192-194 

lil.Critical loads on 
ehort columns. 


Latticed 
Colurfi.n s. 

a j Iff p ct of She op 
on buckling 
strength ' -v 
b)Buckling cf 
lattice'.] Struts. 


Lirnoshenko? 
Stirength of 
'Materials, 

^ Vol.II 
Chap. 5 
Art'.34,.36 

'Biirioshenko 
Strength of 
Ms terials 
. II 
Chap,5 
Art..34, .3 5 


1 


1 


2 


L-ovie s 
on Col. 
Le st s 



dictation of notes should be avoided. For each 
course, a text bode must be p-^escribed nn^i it mav be 
supplemented where necessary by reference to snedfic 
chapter or topics in other books or even articles in 
journals. 

'the students should be required to read in advance 
the portions to be covered in the next class or in the 
next two or three classes, ns the case may be. Such self- 
stuJy of the topics to be discussed must be tested by 
asking simple questions and awarding marks for the answers. 
Students may be picked up at random and a few may be 
covered in one classy during the course of the month, the 
entire clas'^ ■Tiny be covered once or twice. The procedure 
adopted should be such that n student who has been tested 
once, loes not feel that for sorae time he will not be 
n sked qufstio.ns again. He should be node to realise that 
unless he pr-epsse'i in rdvnnce and is regular- in his 
attendance, he is bound to lose marks. 

rlanne:! reading assigninents must bs given outside 
the prescribe ’ text book. The students must be required 
to rao.intnln lilirnry note books for each subject and the 
instructor should periodically collect and grade them. 

The ■levelopment of the ability to 'dig and delve' for 
oneself end learn .en his own, is even more important 
than ti-e acquisition of purely a formal knowlC'Ige in a 



must be made to achieve this 


certain area. Every effort 
soal. 


Eft<=>r covering a particular topic in the lecture 
class, the Instructor might devote about 1C minutes for 
oral questions which will allow an opportunity for 
reviewing, and reflecting on, the portion taught and would 
be a test'on the o^itfntiveness of the class, iifter asking 
a question, the instructor may allow some time to set the 
entire class tiiinkingj he may then pick up a student and 
ask him for an anr^-^er and a^rard marks. 

One of the calternatives to asking oral questions at 
the end of a topic, is distributing objective questions 
mimeographed in advance and asking the students to answer 
them. Good objective tests are very difficult to prepare, 
but when well designed, they provide a valuable means of 
assessing the general understanding by the class, of the 
subject matter covered, a brief period of about 10 minu¬ 
tes will l)e sufficient for such tests. 

An one-hour written examination may be held once 


during the course of a month, 
with emphasis on princiv.les an.;l 
unlue ■]emend on memory. It may 
’hour' ey’.'Alnation is (announced 


Questions should be framed 
to the eyelusion of any 
be sufficient if the 
just in tl'je previous 



Kone work problpmo 


should bs r€3ularly assi;3nGd. 


Ihpy siiould. 


ue 


illustrative of the current work with 


an 


occarioncl review problem to Iceep them in touch with 
earlier portions. Fewer assi,;neJ nroblemsj but all of 
these more carefully prepared and corrected, result in 
better learning. Tutorial classes ’.rhere the student Is 
required to work the problems on his own or wltii the 


•guidance of the instructor, provide an excellent opportu¬ 
nity ior y^suyino the stU'ients* ioernin Tiie problems 
assigned raust be collected, at the due time and valued. 

In each svibject, a terminal eyamination lastiniq 
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each subject In a year and these three eynminutions to- 
qetj.er may account for about 1/3 of the total marks for 
the subject in internal evaluation. The terminal eyami- 
nations should cover all portions tauqht during the 
respective terms. It is very important that tests and 
assignments be valued and returned promptly. It is a 
good practice to return them in the followinn class. 
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■^iie rtu.’.rntp rh-on.lcl not be nsde to wait f-or wpoks to know 
tiieir grades, -'jnch -dplsy.- defeat tijr ■!7erv purpose for 
v!-:lch the te'^ts.rrp conducted. 

V -he SLUuent should, .not he jiadte to snend irore tlrne 
on any suo,jpct than is justifiable considerinp its place 
and inportance in the curriculu'a. lie rightfully resents 
the instructor --dio demands ii-iore of his time than he should. 
In .vinerican Hniversities, a student is expected to spend 
at least one ad'-litional hour for every hour of lecture in 
the clas.s. 

i'lt tne en'J of tlie 'nonth, the Professor slioul-.i 
proces,s the mirks awarded to the student? in the tests 
End assignments durind the month, reduce them to a base 
oi IGG -'‘.’’.I post a li st or m.orks an.l percente‘'e of atten¬ 
dance in t’tie j'lV'-u: 'i.repk of t!tp fcllc’':lng raonth. a regi¬ 
ster wiu? y.r'Oprr columns -riust be opened fr-r each subject 
an-d doss, thus .'■laintnining a iet.ailed occcunt of the 
stu'lent's performanccp .and prorr-; ss. 

The monthly anneuncement of results of varioust ests 
■and assiynments will be a cociiinontary on the perofrrnance 
of both the stu-'ient and the Instructor. It would privtsde 
v.-Uuable m^aterial for s-slf-.rtna'iy si s and present oppor¬ 
tunities for impro-^CKent. The instructor will be more 
■alive to the .jttEin^.ientr- of tjie class in so far as his 
subject i.s concerned. 
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(b) Dc 5?i n and Drsng 

^rr.^nnz esaijnraents should be ^^ven to th? student: 
in a'.ivmce an.! tney r.iuet be expected ta 
the drr.win- class. 


coDe prep.a red to 


f'or each drawin.g, specific tirr-e should be as.signed. 
-t thf- e..,., .-jf rnch ses.ei.nj the 2 :!late’^ mu.et be collected 
^■nd Vi-lued bexcre being returned i.n the next class, 
the end of the allotted time, the drawings should be 
collected and i-alur -1 in whatever stage of completion they 
in. y be. ibe incomplete drav/ings must be returned and the 
students ashed to complete them outside clas- hours .^nd 
.resubmit t.hem before ,a srecifird dat.. Late completion 
and late sub!ni."sii:.h mey be penalised by app'rcpr;!ate 
.redueti n -.f marhs. Ji; .genpr.al, work intrundr ' to l.p done 
during cl..,".s hour- be completed in the ti/ne allotted 

.OX c . a b ^ ‘ i . 1 ' 0 « - * L c i i X.' . ; c y j r} ^ H 5: ^ of* ?') t 5' D. tl H t" 1 qq 

apprecictifor proportions and speed are the criteria 
for valuin.:; the v.ro.ri':. 

■'‘e'^r^gn exercises may involve both de.slpn nn.1 
'..iravin.g ;cr design only. As the stu lent carries out the 
design, the Instructor may guide him along; but should 
not rush to help him out of n situation. By giving the 
student the result :of thought in advance, he may deny 
him the process ..xC thinking for himself. Lhe Jeoim 

- •’O'*''*? 

vhen completed, should be collected, corrected and 
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value,.! before any clrsvin,. baeea on it is started. The 

cai-recLions irade, the ininrox^eraents suvgeste'i ond the 

chaii^es reauirej I'"’ the Inotr-n,-r^ i i 

-■ -‘■iiv.-i.rnctur, sriould be incorriorated 

in the desJ-n before the drawing is begun. 

J-he procedure t’o’)*, e'~‘me, l pI'i n *,■ i 

cwnpierin, cn. UA-awing based on 
the design is as uas clready been discussed. 

(c) Laboratory l/orirshou; 

Labo-wTitorv Is the aean-^ of teacbinr the experimental 
nict.^od. It, is .eisr a r,lac<^ to learn the art c,if measuring 
the charac,.-eristics of natural phenomena and to develop 
appreciation for una.er-tandinr of accuracy and preci¬ 
sion, It ra.ay ci.^o include anolysie in xrhicb either a 


rancirJne o.r 


in st rum-snc 


se]:■ ar-tcd into r,art s to see 


-. 10 - 1 ', o.....riu.s cin • ‘•■d.u.’l ..lai',.' s il i.n ’'.rorkshopr, 

'tu'ients le.arn certoin t-r ciini iijps nn':l undFrrw."nd thln-rs 
by oetual doing (Practice). 

Phs most imin)rto.at pre-requi-itr for effective use 
of the laboratory is tljc preparedness of the students for 
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students to ask: questions about things they do not know 
or understand. 

•■aci) eyperiment and the corresponding report must 
be valued and grade:! as soon as the resjort i'3 submitted. 
Submission of reports should be occording to a fixed time 
sche.lule. Somewhere toward? the end of the month, either 
a p--fcrmn-ce test or a test involving computations to 
obtain results fro‘j given experimental data or a written 
test Involving ],a?iq inro;rmation on instruments, :oeasuring 
techniques etc.;, or anv other test th.at is consistant 
with the main objective of the course, must be conducted. 

-'iS in the cas-:- of theorv classes, the r'-suits of 
the grading in desi n, 'Iravin.:., loborotory and workshop 


practice, 

must be rg 

ducei] to 

a base of 100 

and pr 

)stpd 

uloni '"^It 

i: the DC' 

rcentorps or at 

du ri n ■ 

, the 

first wsc; 

'V of the 

followin’ mon 


In t/ug connect:! on, sc i.-'-'C^^tant point ::o be noted 
is tljot Ihf-' -L.nS': i'^'U'c,'’ u'lOl cour'';f s or stud'/ both on the 
t !-fc oretiC-, j. ’in .1 pr jc'u. .u l siL ics.,. are primai-*] I3A intended 
to equip ti;e students basically to taL’c up a suitable 
professionui career. The skill and prcficlenc; in the 
part.1 Culajob in wj.xcii a candti'^!atr ."■rc'® etaployed, have 
t c 0 e a c q u 1 r e d b v r i i m n e c e* ? s a r i 1 v t b, r o u a h a c t ^ 1 a 1 
practical experience ther'^in, is wli..!t he ha? gained 
during his institutional study i.e. 


in the laboratories 
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and worksi'ops of thr coUf-.; , vm only he practical 
knowled.yc through observation etc. of tiie working of 
machines and equipments, as distinguished from actual 
practical experience under factory (or pr-oduction line) 
conditions, which teaching institutions cannot and need 


not provide. With the theoretical and practical knowledge 
gained by a student during his collegiate course of study, 
he becomes basically equipped to take up a technical job 
in tl;e field of hir study, and making use of that know¬ 
ledge, he is in a position to gain the requisite skill 
and practical experience in the particular job. The posi¬ 
tion, tlierefore, is that a stu.ient acquires basic theore¬ 
tical knowledge (in the lecture classes) and applied 
practical knowledge (in the workshop and laboratories) 
during his institutional study, and. actual prcctical 
experience later wi;.'.;-, h- g wiitch he has to do 

himself anci in which be vll'L acquire skill and piroficiency 


only by long uractice. This somevrhat subtle distinction 
between practical 'knowledge' and uracticnl 'Experience’ 


has to be noted and our institutional courses of study 
be organised and. run accordingly, due emphasis being 
given to tiie practical knowledge to be acquired by the 
student s. 
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AWARDING CF SESSIONikL AND MINIMIIf REQUIREMENTS; 

As already indicated above, it is necessary for a 
correct assessment of the work: and progress of students, 
to test them on a day-to-da? basis (through work assign¬ 
ments, and 'auiz') and also periodically (through written 
tests) in all the subjects (both theory and practical)and, 
therefore, a system of awarding sessional marks in all 
the subjects has to be followed. Hvewever, in awarding 
sessional marks, a uniform or common yardstick will have 
to be adopted by all the institutions, as tl'.ere is no such 
uniform procedure now. For this purpose, the following 
may be adopted: 

The highest marks to be a-'ar-',’.e,l in each of the sub¬ 
jects exceut English, may be about and about 60^ for 
average work. For late submission of anv work assignment, 
3 deduction of 20''’ of the marks out o:C the totcsl which 
might cther^iTise be ax'^ardedi for the parbicular assignment 
(l.e. in she case ''if submission of the co'mpleted assign¬ 
ment within the time allotted), shoul'l be made. 

In English, the marinum marks that may ]3e awarded, 
shoul'l be about 75^ onl.y, and for average work, about 50"^. 

Tiie staff members in direct charge of the day-to- 
day work sf the students, should maintain correct aniil 
systematic registers showing tlie sessional marks 
awarded to each student. These registers and some of the 
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completed assignments and drawings should be scrutinised 
periodically, say once a month, by the Heads of depart¬ 
ments or Professors or Principals, and they should advice 
the staff member, concerned suitably, if it is observed, 
in any case, that the valuation is too liberal or too 
strict. A copy of the sessional mark list should also be 
put on the notice board of the Institution every month, 
so that the students may be aware of their performance 
and progress. 

bycepting the sessional marks which form a very small 
percentage of the total, the present system of evaluation 
of the stU'lent’s knowledge is based, 'is already stated, 
mainly on the University Examinations which are conducted 
at the end of the year. The shortcomings of such a system 
have already been discussed. However, academic traditions 
in our Educational Institutions are not yet established on 
sound lines and it may be necessary in the interest of 
maintenance of uniform standards that an examination 
system where question papers are set and answer books are 
value'] by outsl'lers, may not be completely dispensed with. 
The need, therefore, is one of an effective combination 
of internal evaluation and university examination 
(i.e. external examination) and the aim should be to 
make the best of both. The striviny for increasing the 
area, scone, and significance of internal evaluation 
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should bp a con'cinuoMs on? and the uiLin.-tP objective is 
to make internal assessment the main criterion for promo¬ 
tion. This can be achieved only through a process of 
evolution, ihe pace oi this evolution and the relative 
importance of the two methods of evaluation in the tran¬ 
sition perlodj will naturally be subjected tn much dis¬ 
cussion, and any rigid formula during the transition 
period, is neither necessary nor possible. Once the 
principle is accepted, each university can implement the 


plan, as it deems fit 
maintaining s t a n cl a r d s 
f o 11 ox>/i n g p a r a g r a p b s 
and to a Ctrl eve the mn 
this paper? 


, consistent with its concept of 
. A few suggestions are made in the 
to make internal evaluation effective 
in objectives c rclined in the body of 


In tile pa't, the College of Bnglneerin;:, Cruindy, 
Madras, was awarding ;■' diploma of its o^fr:. Host of the 
students obtained bocii the diploma nTorded 'oy the College 
and the degree conferred ]jy the University of Madras. 

Some were contents:! with tiie College diploma itself. The 
diploma was av/arded on tlie basis of internal evaluation 
onl'/. It seems desirable to revive this system, perhaps, 
with such modifications as may be needed. 


ror 


pass in the College diploma and for promotion 


to the next year of the course, a candidate should 
satisfy the following r'^quirrmer.tr;? 



i) In each subject, he should score an absolute 


minimum of 40'*, 

ii) If the marks by which he falls short of 50 't in 
each subject is added up, it should not e>:eeed 5^ of the 
maximum aggregate marks for all the subjects. 

Any student vho fails to satisfy this requirement 
should repeat the course, xkny student who satisfies this 
requirement may be promoted to the next year of the course. 
He may continue to be in the next higher class even if he 
happens to fall in the University Examination. He may take 
the university examinations later and pass them. The maxi¬ 
mum number of attempts for the Degree,may be as stipulated 
b^the university concerned. At present, those students 
who are not eligible to .go to the next year of the B. E. 
course, discontinue formal studies in the college for a 
year and this time is mostly wasted. In order to avoid 
too many students falling under this category, there is 
an implied need oo resort to moderation end increasing 
percentage of passes, 

i-n uhe projjosal made above, these problems are 
mostly eliminated. Either a student repeats the course 
in <-.ny or ne is promoted to the next year of the 

course. Such of those students who are unable to 
satisfy the requirements of the university, but still 
secure the prescribed minimum in the internal e-valua¬ 
tion in all subjects each year, 


may be awarded the 



313 


College Diploma at the end of the course. The level of 
the College Diploma may be recognised to be equal to the 
licentiate diploma awarded by the Technological Diploma 
Fxamination Board. The holders of the Diploma may, when 
employee, be started in the same scale as licentiate 
diploma holders, but with three advance increments to 
compensate ior the three additional years spent by them. 
The College Diploma alone, will be of interest only to a 
few students, who, somehow find themselves unable to 
cross the barrier of University Examinationbut are 
still sincere and regular in their work and have acquired 
sufficient knowledge to practice the profession of 
engineering, 

Coming to the University Degree, a pass in the 
degree course should be based boti> on internal evaluation 
and the external examinntionsC i.e. University Examina¬ 
tions). E.-pjol iiTipcrtance may be given for both. It win 
also be desirable to moke provision for compensating,. to 
c\ limited extent, inadequate marks obtainerl in external 
examination by scoring high marks in internal evaluation 
and vice-versa. The requirements for a pass in the 
Degree examination may be as follows? 

i) ^ candidate should secure an absolute minimum 
of 40^ in each subject in internal evaluation as well 
as in external examination. 



314 


11 ) ‘-i. cenaicate should seeurp 5C'^ in eoch subject 
when the iTicrke in internal evaluation and ext-rnal exa¬ 
mination are added. 

iiiJ i-'ithpr in internal evaluation or in external 
examination 5 if the marks by which lie falls short of 50'^ 
in each subject are added up, the total should not 

exceed 5'> of the maximum aggre.pate marks for each mode of 
evaluation. 

It is clear from die above provision that in any'individual 
subject, marks upto a maximum of 10 ’ may be made good from 
one mode of evaluation to the other; but when all subjects 
are considered, such transfpr should not exceed 5% of the 
^SS^egate in each mode of evaluation. It is also clear 
that a student vrho does not satisfy th-^ re.luireraent for 
promotion to the next class, will u.v he adiLe to secure 
a pcoss in the degree course, howcvri- well he mnv do in 
the univer^itv exominaticn. lis such, th.ose students who 
are not promoted tc the next year of the course, win not 
be permitted to write the university examination for the 
coi-reSi.ionding year. In otherworcs, a promotion to the 
next year of the course is a prerequisite for being able 
to sit for the corresponding yecar of the degree course. 

It moy be '..^esirable to Illustrate the procedure by a 
simple example. Let there be. six subjects for a course 




and let the marks obtained by the candidate be as fellows 


Subjects 

Internal 

evaluation 

External 
examination. 

(1) 

(c) 

(3) 

A 

60 

40 

B 

50 

50 

C 

40 

65 

D 

50 

50 

E 

70 

60 

P 

6 C 

40 

Considering internal evsl 

nation, he 

has secured 50"^ or 

more insubject.s A, 0, 

b and P. 

6 onsit(pr j ng subj ret 


5 


he has the aosolutp mini'''iU:'T; ;.'j. 
make it whi c-!. ir needed for 
40'^ marks are available for hi'n 
nation in th^t slncr^ iip 


. Lilt pf^^ar: lo 


to 


fr 

'* * 


S 0 • h 8 n P C (• p 0' • T 7 

i: i i p f X■ r n n 1. 8 .to in i -- 

rcooei^ 


tor hijp C'ji.it’88 is OGL* ono pp'''P pi 
the aggresov.te, a maximum of .30 marks can be msule good 
from cne siode of evaluation to the ether. As far as in¬ 
ternal evaluation is CDncerned, he needs only 10 marks 
from the external examination, which he has. Conside¬ 
ring external ex.nininaticn, he has .seci’red the minimum 
for a pass in subjects E, C, D and £, In subjects A and 
F, he has the absolute minimum needed.. For securing a 
pass, he needs IC^ more in each of these tT-o sublects an<i 
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The 


they are available frora the internal evaluation, 
inaxiniuni m.irks tiiat are raade good come to 2G ■•■'rhich is less 
than 50 trot is permissible. Sq the candidate secures a 


o o q 


p.' 

•i-iie iinrks obtained in each mode of evaluation will 
remain as they are and they will not be altered. The mark 
sheet issued by the universiry should consist of both 
internal evaluation and external examination scores. The 
arrangement suggested above, has the advantage of being 
fair to all categories of students. There are some 
students who are regular, hard working, lerorn the subjects 
well, but are not quite good in secring in formal examina¬ 
tions. Thfre are others who may not be quite regular 
uuring" rhe course cf the year, but may have quick grasp, 
study the subject in the lost few months, and do well In 
the final examinations. In the present proposal, some 
credit is given to each candidate to his ores of strength. 

In order to maintain uniformity ir -tandards among 
candidates from a number cd" affiliat'd colleges, ranking 
and award of classes for the present, ma-/ be based o!': 
external examinatiovjs only, excluding the practical 
examination. 


The j roposrl oo.tlined in the foregoing pararranhs 
will lendi itself to a gradual increas"’ in importance of 
internal evaluation end corrrpq.onding reduction of the 
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importance of external examination. 

All the studente should be informed that they should 
secure not less than the minimum prescribed in sessional 
marks, failing which their progress will not be certified 
as satisfactory by the Principals and they will not be 
promoted to the next year of the (Diploma) class. They 
should also be informed that they have to put in a. 
minimum attendance of sc/t separately for? 

(a) The cry ela s pe p 

(b) Practical classes rhshops and Laboratories) 

(c) Drawing classss 

At the end of each quarter, d consolidated report 
of the monthly progress may be sent t-> the parent or 
guardian of the student. 


In tlie ease of 
minimum r e qui r e me n t , 


t !,■’ ci e n t v; Jr ■ o 1 o r « p, t ma i n t a in the 
warring in writing must be issued 


by the Professor concei-ned, at the 
quarter, ^Ith a copy to bis parent 


end of the first 
ar guard'll an. If he 


fails ts) improve r’end rmke i:p, a pecend v/nrning in writing 
must be i ssue-.i Iry the r'rofessor concerned lOt tl'ie end 
of ti}G second nuarteT, ’yith a c''.ny to Piis parent or 
guardian. 


The Ufiioi :f the Faculty concerned with the subject 
or subjects in which a student is found to be not up 
to the standard, may consider the desircability of 
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c.-lling the etudent concerned before him or before the 

■faculty Council and advising him suitably quite early 
in the year. 

On the conclusion of the course, each student 
may be given a certificate by the College in cU proforma 
similar to the one given in the iinnexure. In column 
0 the i^rofesscr may record bis overall ^valuation of the 
candidate and make mention of those aspects that have 
not been covered in the previous columns. If the student 
has been guilty of participation in any strike, or any 
unruly behaviour or indiscipline etc., specific mention 
should be made thereof. 

In conclusion, it con be assumed that by adopting 
the procedure of evaluation -.utlined, 'the standard of 
sti..dent prrformoince can certainly hr- improved and if the 
assessment and grading are prr^perly none, evrry student 
vho is sen-! up g., the College for rintver dty examination 
can oe expocteJ tpuss. The tratnl number of student s 
enroll-d in e^ch branch and subject of study, the number 
of students sent up for University examination and 
the number that come out ruccessful, wiiij to a great 
extent, indicate the standard of instruction and the 
quality rU- evaluation and grading adopted-in the internal 
o s.'-e ssment o A list giving the alcove i nfr "mations shall 
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be fcrwar-ied to the director of Technical Education by 
each Colle.i'e. The office of the Directcr of Technical 
Education vill tabulate the results of all the colleges 
and use it as a basis for assessing the relatix^e standing 
of the various institutions. 


The procedure outlined above can be adopted with 


suitable modificati 
titutijns o.nder the 


ons by Polytechnics and allied ins- 
directcrate of Technical Education. 


■The prccedur'- -'f internal evaluation -llscussed above 
is only a bread outline. The nenbers of the Faculty raav 
work out the details for each sub,jpct. 

a’T'''E:-URE;, 

(Proforma for issue of certificate) 

( -ame of the Co 1ege) 

1. -lame o.f student 

2. date of birth 

3. Period of study 

i. Field of ??tiKly 

5. -fica.iemic Performance 


I B.E 

II BoE 

III 3.E. IV B.E. Final B.E 

Subject Marks 

Subject Marks 

•Subject Narks Subject Harks Subject 

Harks 


6 . Attendance 

I E.E, II B.L. Ill d.E. 

Percentage of 
attendance 



Final B.E, 
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i^^xtra curricular activities 
8 0 Con duct Bii J beiiaviour 


a; towards staff meiTibers 


9 

symbols 


b > t owa r d s fell ow st u .1 en t s 

Special reirarks (giving an overall grading using 
“ ’ ® ’ C, ’D’ and '}•' for this purpose - 


vide note below) 


Signature of the Professor 
concerned. 


Signature of the 


P T» ? 


rincipal 


Note; A ; 75 'a and above b j 60^? to 74'5 G ; 50 ^ to 59 ^ 


D ; 40'? to 49'? 


E ; Below 40*? 


DlsaiSGIO^T; 

ri. S.P:UEL said that in the paper, rn-ntion wap nade of 
reauing assignments. The prsctice prevailing is to deliver 
all the mete rial in the c]ass from wh-t th- tes-cher had 
assimilated. It would be good to nek-^. the students read 
for thernseives and this needs prescribing o text bock for 
ecach subject. For such of those who could not afford to 
buy text books, copies rmst be available in the librarv. 

■LO ImpLement all that wns said in the circular, more 
clerical and other tvpes -;f staff would be neede.-k 
ile thougn that if they could sv^itch over to the' penec-ter 
system, two semesters 0 year would be better.- 
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netention of the student for a longer tlsie In the 
College would only tend to reduce hie efficiency after a 
certain etaee. If ,,„ore time was allowed to him for self 
study and aeelmllatlon, the problem of shortage of staff 
could also be minimised and the efficiency of the stu¬ 
dents increased. Me wanted a sy.stem of examination to be 
devise:} tc ovoid waptagP. 

M.P. MATHEO, said „,t the system seemed extremely compU- 
cuted. ludian Inoticutp of Teehnolopy, Madras had only 
internal valuation, he T.;antf.i to know that if they could 
Jo.it, why not that be followed in Guindy. Engineering 
In.tituLi.jns could conduct their own examination.? and 
evaluate the student.?, lie „r?.ed th.at ther.? mu.^t be a 

it!0V0 ^JT0ni ti)(a P,n 

tJcdXnrrrxn.^ -Institutions in this direction. 

Hollo Jhi ' i'J Oa .‘1 "f- 1-,«-. •!« -i 4- - , 

i tiicit It Wis ¥r: ng to stptP' that 

^ E'ii giHPf? I* in '7 wo ^ n ■'Gr <^‘t n f -1 n ^ ^ i « 

H.dC .rU-itic . i-vfrything was changing 

and so It was not correct to s.ay englneerln.g alone was 

not static. He wanted to know how much time should be 

spent in correction of tutorials ,onrt drawing work. 

a norm should be laid to Indicate tlse amount of time one 

cculJ spend, on r.ich type .o.f ’.'.rork. 


o xd Chat it 

maximum avn.rdFd m.ay be 9C''1 
know why should thot not bn 


is said in the paper that 
cij I etc, iip vfanteyi tr 

I'p further a,?ked why 
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should they stop at 9C-’. 


^iie grades of the students need 


not be publishe;! tr humiliate thoee vha didn’t So well, 
A elidln- .-/stem eon be arranged to fir the mini-,tun for a 
past to take care of the etlffneee of the paper set or 
any such vagaries. 

S.I. eald that the suggestion n.ade in the circu¬ 

lar to ,;lre more Importance to internal .nsseesment was 
good, at present where one bcok cannort oiter to the 
Sfllabus, more books are prescribed. lo avoid this he 
wanted the bocks to be written to suit the syllabus. He 
felt that the proposition of ow.ordlno diploma based on 


internal a.ssessment i-ras a good one. 


:sing only a class 


assessment in the laboratory work without an examination 
might not be goc-d and the student.- would aim only at the 
ainimuiri and neglect deeper study. 

M.S, Jl!.YADFd/ii th.at the circular .stated that a student 

should .score 40-. in each (class and examination) and 50'^ 
in aggregate in the six subjects listed. It wes not 
clear whether, where there were rmre subjects and when a 
student failed t.o satisfy this rule, he .should reappear 
for all the subjects. He thought that it was unfair and 
the regulations must be froumed to enable the .‘students to 
appear only for the f.elled subjects or a group cf failed 
subjects. He wanted the eytern.cl examination to be only 




til ipeclfled portlcns with fefirinc<! to tf-xt bookS, 

5 Mdlti« Into blatseS should cover the i>esuitg of ail fou# 

01* five years of study, 

liEIYfiPPAit felt that an aggessment of the student 
both bji an m.m\ M W« i««r„ai e„«,lner as in i„du« 
Institute of Technology would be better. If a student 
failed In one subject or so, a furj ler course or evening 
dUsees »lght be arranged to avoid Ms repeating the coutse. 

H. 3 . SHIV.16WIY said thft the schetne envisaged In the 
circular aimed at Introducing greatfr stress on Internal 
assessment by apportioning a large percentage of marks 
for class work. This would produce greater control over 
the students’ day to day activities. He said that the 
question of educating a student was not only that of a 
teacher but also of the university. According to hla 

50 « of the responsibility was theirs. It w<as for then to 

say wbfithGr a student w;i« f’lf" , a. 

r-i-u-it-uc was lit te. pas-s op not and it vas 

better to givp the university its place, 

eJe reading 

assignments, tutorial work etc. But it needed a lot of 

work on the oart of thp cfoe-p -vi 1 - t 

puiL .I stair and tauny hours of work 

.every day. 

If all that was said In the circular entild be dene, 

It would be wonderful. There ,«st be confidence on the’ 
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teachin? staff and thp institutions must depend onlv on 
internal examinations. External examinations were unne¬ 
cessary. ne sug;iested that if the 'various institutions 
could hax'e their :>yD examinations and award degrees to 
students, there would be greater incentive among the 
staff to bvost the reputation of their Institution. But 
a certain standardisation vas necessary among the insti¬ 
tutions. He said that whether an Institution could be 
accredited 'or not co'Uld be decided by a ccrmmittee as the 
ECPD in 

In replying to the discussion V.C. KuUu'I.lAl-milY 
observed that one should differentiate bet vreen a new and 
young Institution like the Indian Institute of Tpchnology, 
Madras and institutions like the College of Engineering, 
Guindy, and other colleges affiliated to an eld an i tvell 
establi sherl university like the University of Madras. 

Old institutions \fith their traditions have their own 
advantages ns well ns disadvantages. Major changes are 
difficult and tijey have to be gradual. In proposing 
changes in such a set-up, one should necessarily take 
into account what is realistic and practicable. It will 
serve r.o purpose drawing up an attractive scheme which 
may net be accepter] bv these who- raatter- 

Ue are convinced that the present system of pure 
external examinations is not very satirfoctory and it 
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must be changed. There are seven Engineering Colleges, 
affiliate/] tc the University of liadras, Sopie of tliem are 
old institutions and there are others which are new. To 
declare all of them overnight as institutions' having a 
'Jniversity status, empowered to conduct examinations and 
to award degrees on their own is not at present reali¬ 
sable. They may in course of time attain such a status, 
but we are ooncerfio-d with iw^w best to acijleve that and 
what t--' do in the intervening perio.l. The transition 
from a system, of complete, external ev.: lust ion to one of 
complete internal evaluation has to be /-radi:;?!. You may 
make the change as ynickly as possibles s'^'ill you cannot 
make it abrupt. 

Tlie paper un'ler discussion attc-tnptr to prcvide a 
method by ihai ch both internal evaluation on/i external 
examination will jsnve more or less equal importance to 
start xfitf} and slowly the external examination will be 
eliminated, making room for complete internal eo’aluation. 

E'Xtr'^me raeasures for changes will be enthusiasti¬ 
cally r/elcomed by S'lnie'; and totalis reject''! by some 
others, ■■.'e should not forget thct the present system 
of examinotions has i'cs .avm band of ardent supporters 
and it is n-t as though there is unanimity abr-ijt the 
need for giving up external examinations. 
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Cne may aim at what is ideol5 but one should propose 
what is possible. The present paper contains suggestions 
that have possibility of implementation; and are bound to 
improve the performance of the candidates. I do not deny 
that the procedure in some respects is somev/hat complex. 

¥e are not always fortunate -enough t.o. .find simple .solu¬ 
tions for complex problems. 



CUHRICULUM REVIEy ; U»S,A. - INDIA 


LEO V. HCTJISTINE 

Lpd V,. N'.,'th,?tin?, Chairman of tho fopsion, referred 
to the topic, 'Curriculum Hevievr; ll,5.xi and INDIi-i' and 
initioitej Lne diecusoiofi uy lotrocincin.^ a cu^ricu" 

lum for a bachelor's decree in Civil j-n :!ine^i^ing in an 
American Tniversity (Table a). He etatej th.;t the curri¬ 


culum should aim at development of leadership and should 
equip a man for creative thinkiny in any position in his 
professj.o-.nol fi'ri.j, -"ieferriny to the unbelievably lar.ye 
number of contact periods in Indian'Universities (Tables 
B and C) he observed that the usaye and familiarity with 
various tools and e-iuiiViTiPnt in the normal course of life 
in America helped to. reduce tiie contact r'criods in the 
class rooms and explained the |r.attern of examination 
adopts;] In his country. Three examinrt*] ons are token by 
tne candi'.la:e since the beyinnlny of the vrar, before he 


sits for his finals (Vide Table attached). If at the en'J 
of the first examination, the class average is h.ip;h, the 
teacher would be encouraged to lead his class to higher 
realms; if the average happens to be lowj he could con¬ 
sider giving more class assignments and perhaps devote 
additional time in touching on some topics again. This 


way, the teacher always has a feel of the class, knows 
the level of attainment and is in a position to make 


587 
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ad; 3 ustments by way of course alteration, if necessary,and 
is able to carry the class along with hi’.n. As to the 
importance attached to the examinations, suitable propor¬ 
tion of marks could be allotted to the sessional and 
final examinations and an ultimate gradation arrived at, 

RAJiiRiiMAh at this stage, stated that the system 
of examinations, such as the one, suggested by the 
Chairman, would work out all right only in the case of a 
residential university like Jadhavpur, delhi, etc., but 
not in the case of universities like Madras, Kerala, etc. 
where several engineering colleges are attached to s 
single university and the system of judging a candidate 
by single examination at the end of the year prevails, 

P, PLTxRTJSii'uT'iiAHiiiT also, was of t’le opinion, that in 
the present system of examinations, the role of a staff 
member v;as merely to assist the university in classifying 
the students into various mark groups (60 - 70 - 80"^ 

etc.), fhe great drawback of the present system, he 
observed, was that it did not afford much of a scope to 
raise the standard of an average student. 

The chairman suggested a decentralised control for 
the examinations, so that the college ^-^ould have the 
final say in conducting the examination and grading the 
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students. A proper quality control, he felt, could be 
effected by a central committee appointed by the Univer¬ 
sity and consisting of Professors and Professional Engi¬ 
neers to lay doi^m the standards of evaluation. 

K. lAJARAI-mN was of the opinion that a properly 
o’^ganised system of internal assessment would be the 
only solution to the problem. 

H, cSIilVxiS'dnirf concurred with A. da.iaraman and empha¬ 
sized the role of sessional marl-is in maintaining proper 
standards. Complete independence in this connection, x-ras 
sought by many members and there was some unanimity as to 
the vital role of internal assessment. 

''Unless there was a necessity, the stu'^ent normally 
abstained from the examination" - v/as the observation made 
by P. Purushotharnan and this was termed a social problem 
by M.S. Jayadeva. 

vrUKATAUri.iiiiU^i.'-‘ pointed cut that an engineering 
graduate should be at least 50"“ nroductive when he comes 
out of the college and his stuciies must guarantee good 
opportunities after he finishes his course. 

H. B/iHi-dJDDIN emphasized that the integrity and zeal 
of ti)e teacher is a vital factor in inducing the students 
to a high level of thinking. 



J'i. 


Semple' 

Civil 

Engineering Prograrmrie 

(E.L.) 


Fall (12 Wks. 

2 

Winter (12 WTcs.) 

Spring (12 4 

jks; 

FRESHMAN YEiiH 

*> 

,« 




Maths 

4 

Ma t h s 4 

1''ath 

4 

Com.skills 

4 

Com. skills 4 

Com.skills 

4 

Chera. I 

.1 

Chem. II 4 

Engr.Com. 

3 

Mat.Sci. 

.1 

Ma t o Sci0 4 

Mat.Sci. 

4 

Fhys. Ed. 

1 

Phy s.Ed. 1 

Phy s. Ed. 

1 

SOPHOMORE YEAR; 




Maths 

4 

Maths 4 

i la t h s 

4 

Social Sci. 

3 

Social Sci, 3 

Social Sci. 

* j 

Engr. leology 

o 

Statics 5 

Str.of Mat’l 

s5 

Surveying 
JITMIOR YLrR: 

5 

Struct,Drawing 3 

Surveying 

“a 

Humanitie s 

4 

Humanities 4 

H-umani tie s 

4 

Oynamics 


St ru ct. Hna ly ? i s4 

Indeter. 

4 




Struct 


Thermo. 

•7. 

Hydi'-aulics I 3 

Hy d r a u 1 i c s 11 

5 

E conomi CE 

4 

T ra n sp ort a t i on 3 

Soil I’eehs. 


I'ngr. Mat’Is 

*2 

Physics II 4 

Ph.yslcs III 

4 

SEMI OR YL.d: 





Steel Design 

4 

Con Crete (R/C; 4 

1)0 c 

Sub. Struct. 


Hydrology 


Matpr Supply 4 

Sewage 

4 

Law of Contr. 

3 

Construction 3 

Estimating 

a 

Elective s 

( ) 

Electives ( ) 

Elective s 

C ) 


. About 200 credit? for degree - fixed by, each Uhivereity 
1 credit = (l hour in dees 2 hours individual study) 
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TiiBLE B ~ COr>TTiiCr KOITRS REO^^IREO 
B.E. DEGREE 



-^Vfo Course 

Entry Age Length 

Contact 

Hours 

Univ. of f'fadras 

1&~k 

Yrs. 5 Yrs. 

6120 

U. S.S.R. 


5'i' 

5500 


16'i‘ 

5 

54 00 

Europe 


J 4- 

— rz 

4200 

^i-ustralia 

I7i 

•i 

4t 

2900 

D . S. A. 

I7i 

4 - 

2500 

IT. K. 

l-3i 

3-4 

2100 

* ■‘'■•11 India 

Council 

on Technical 

Education. 

Table c 

- IMDIaN/AIERI C^N coh 

IPaRI sch 


Indian 

American 

Eatio 

I/A 

Years of college 

5 

4 

1.25 

Days per year 

200 

150 

■> 33 

Total Days 

lOCC 

600 

1.62 

Total contact hours 

6120 

.2500 

2.45 

Hours-non technical 

365 

700 

. .52 

Hours-technical 

5765 

1800 

3.20 

lecture hours-tech. 

3120 

1100 

2.83 

Laboratory hours-tech 

.2400 

'’OO 

3.42 
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"F0RM4L AND IMFORM/iL LECTURES - PL/WINC- aUD PRESENTATION'* 
H,S, SIlI\ELS'v*Ufv 


It i<? now my joleasant task to introduce the topic 
"Formal and Informal Lectures - Planning and Presentation" 
for discussion by the participants assembled here. 

As one who has been a teacher myself, I find a stao'e^ 
lias been reached in the life of a teacher, wherein for hi s 
very survival, he has to be more critical of himself and 
device ways and means of constantly iraproving his standards- 
of efficiency, if he is to invoke respect and confidence 
from the students. In my opinion, a teacher handling 
undergraduate classes in Engineering, suffers from the 
following limitations- 


i; he has before him a set pattern of syllabus for 
each subject, which he has to fully co-’er during the vear 
ii) he liBs to prepare ti.e stuJents for the univer¬ 


sity examination at the eni of the year, 

iii) uis j s also faceu with the ta-'-k of maintair 


ining 


discipline in a class of unusually large numbers, very 


common in our Institutions. 

With this background, I would nour like to place 
before you some salient points in connection with the 
planning and preparation of lectures. 

ihe programme of topics proposed to be covered in 


a month should be so drown as to facilitate a continuous 
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building up of the subject. 

Each topic must more or less lead and pave the way 
for the next topic to be presented. The order of presen¬ 
ting the topics is very important, as otherwise the 


student may fail to appreciate the entire subject as one 
continuous developing tiierae. 


The topics should be covered at a mo-e or less 
uniform rhcS; care ue^ng trikeoi to avoid rushinsr through 
^^itdin copxv^s t --'Ofarus une end. .'.c slooulcl be f)or*^e i n 
Kind tljot students rsauire a certain time lag for the 
crystallisation of their thoughts. 


The manner of presentation of r sub.ject, itself a 
potentially significant factor, will depend very much on 
the nature of ti.e subject - dv^scriptive or mathematical. 
I would like to stress a fev.r p.oints for your considera¬ 
tion in this matter. 


For descriptive subjects such as Hoterials and Con¬ 
struction. Righ’way Engineering,- etc. 

‘■^eat sketches form the backbone of approach. It is 
regrettal'le that the stu-’h'nt communitv takes this very 
lightly, and hence every attempt should be made by the 
teaeijer to make thiC student^' realis* the ei'’nj ficance of 
good sketches. 

sketches should be -‘^■s feT-/ as pcs'^iole and dimen¬ 
sioned so as to give an idea tc the students about the 



approximate dimensions involved in tie actual structures 
in practice. This practice of supplementing a lecture 
with neat dimensioned sketches on the board or preferably 
by slides would encourage the students to develop the art 
of sketching, v/hich I consider to be very important for 
an engineering student. 

After the sketches are drawn, the teacher may 
explain, with referencf to the sketches, the salient 
features of construction. 

‘'■here principles of design are Involved, these 
should be clearly brought out by simple design problems. 
Let us now turn to the teaching of mathematical subjects. 

All theoretical derivations s'lOuU be shown clearly 
on the board. It is not uncommon to see that stuients 
attach more importance to the end result's rather than the 
logic behind the steps and this tendencv should be 
watched for* and checked. 

Typical problems in each chapter would ijave to be 
worked out. here again, wiicther the teacher would work 
out the problems himself or X'^culd simply assign the pro¬ 
blems to the students after completing the requisite 
theory would have to be thought over. Since the present 
pattern examinations makes the student always exami¬ 
nation-oriented, a teacher is often constrained to work 
out type 'questions from, examination papers, Low far this 



would be possible, within the limited time available to a 
teacher, is a matter which has to be considered. 

Re.gardin,*t informal presentation of the matter, it 
should be possible for a teacher now and then to put some 
questions on the topic, to find out for himself whether 
the students have been able to follow him or not. It also 
enables him to suitably modify his lectures, thus ensuring 
that the entire class moves along with him. 

Apart from all these techniques the fact remains 
that the success of a good teacher depends on the impres¬ 
sion and confidence which he creates in the students and 
on his ability to present the subject matter in an impres¬ 
sive and intelligible manner to the students. 

The foregoing points, I feel, v/ould be helpful to 
retain the respectful role of the teacher, to which he is 
always entitled to, in Society. 


DISajSSIOII; 

j-.M. BAI-IAUlDIIf observed that teachers, in their role 
of imparting knov/ledge . have a tremendou« responsibility 
tsj ensure i-hat their i.ecture? sre p! ’operly ctssimilateri 
by the students, rorm-sl lectur?*^ are the mcist dominant 
In India uut informal lectures could be a very important 
and vita] supplement. Citing tor- e.r-'-atment of plastic 
analysis in a lecture class, he pointed out that many 



students fail to visualise how the plastic hinges rotate. 

In such cases, informal lectures couH be a valuable asset. 
In spite of the fact that the calibre of the students when 
they enter the portals of an engineering ccll.^ge is cer¬ 
tainly not low, the large number of failures in the sub¬ 
sequent years of the course was distressing and this, he 
Celt, v;as due to lack of informal lectures. 

Ihe speaker further observed that a time was bound 
to come when engineers would have to man the top manage¬ 
rial positions of impor-tant public projects. Informal 
lectures would heir to create in young engineers self- 
reliance. He advocated strongly informal lectures. 

7.0. observed that it was obvious that 

informal i.ectur'^s nav-" more importance, dtigq the reason 
for clinging to formal ^-clures even in advanced countries 
is probably the ovnilahinti of only a few emin nt profes¬ 
sors, who rave rna^'t-rec tlr 3 - of iecti or. h- cited 

the example oi Oermany, -rhore, in un ’ v^ r-^'.ti e - li^e the 
Technical Universiry, I>rT;r., it i,- not uncommon to see 
200 to 3CC studenss in a singl-' class room. The speaker 
further observed, that this 1-^als to an interesting 
question: ”¥hat is the best way to plan and present a 
topic?" One way would be to prcce-ed from simple speci¬ 
fic cases,, taking tiie simplest case and graduall';.- intro¬ 
ducing additional variables one by one, as the course 
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advances. Another vay would be to tatce up a general case 
and after proper illustration of the -:^eneral case, show 
how a particular example is only a part of the general 
expression. lie cited in this connection, the derivation 
of Bernoullis Equation - as Just a pert of Hsvier ~ 

Stokes' Equation of fluid flow. 

LhO V. T.IC1HSTI’'TE inter’^ed to say that in the deriva¬ 
tion of mathematical expressions, it wns important that 
the physical significance of each term in an expression 
be clearly brough.t out to enable th^- student to have a 
clear mental picture oi the whole proc ess. 

I, Aha¥TiidAiliilii'iii t-rar of the opinion that the method 
of planning and manner of prerentaticn would depend on the 
nature of the topic covered a.nd on th? level of attainment 
of the students, -‘-ven in the case of .'jost-graduatp 
classes, he felt, the method oi’ proc-'■-ding from simple 
cases to complex concepts would ce more -.lesi rable. 

C.To dHIiwuiUhJ genern 11 7 concurred with the viewc 
e xp r e c s e u by li. S . Sh i x.?, s r- rny. 

ei , fell tiact buildlni up from simple con¬ 

cepts to more corsplej< t-.xpfesriens should be t]-*e procedure 
adopted in unde —’'s.-iu'. o class s •/•hereas in ], out-graduate 


classes, the r-f -,; 


r;;i ■;.* t 'vs)*—' oh? nking and 


apprecI ati on in tlie 'i a i ■; -1’f 


tuo'en 



M. 

and said 
lecture. 


tJALLUS'-JaIT/ stressed the need for informal lecture 
that sketches must form an important portion of a 


T. aZaHIaH paid that in subjects like applied 
mechanics, there was a stron;' temptation on the part of 
many teachers to just dictate the basic underlying assum¬ 
ptions without really taking any trouble to bring out 
their significance and limitations. An informal lecture 
in such cases, he felt, would be of great benefit. 

T.d. VldlvATiiRilMANArT pointed oi^t that the difficulty 
of taking notes in a formal lecture and the usual lack of 


cogency that one observes in them was the prime reason 


for resorting to informal lectures. In his opinion, 
students of Pre-ltniversity class have easy recourse to a 


set of fived text-bo 
guided by o syllabus 
text books as well a 
would amply justify 


cks but an engineering student is 
an'd the difliculty of procuring good 
s lack of suitable guidance at home 
informal discussions. He particularly 


felt that informal lectures would pa;; rich dividends in 
design and drawing classes. 


P, PUIiUPHOTIblhlid' agreed that dearth of text books 


suited to our conditions, poses a real problem. He felt 
that even in tlie case of subjects like mathematics, 
informal lectures would be beneficial provided these 
were efficiently organized. 



ROLE OF TUTGRIiiLS ITT dFIL ENGINFFRING IFSTPIJCTION 
P.L. MEIYAPPaN 


The speaker 3 introducinc the toplCj referred to the 
unwieldy strength of our classrooms and pointed out how 
this had resulted in the student community being handled 
as a category rather than an individual, a system of 
properly organised tutorial classes would be a valuable 
tool to the instructor in assessing the reactions of the 
individual student and it would be possible for him to 
make adjustments by way of course alteration, based on 
these reactions. After all the teacher himself needs 
some method to evaluate his own teaching and he could 
advantageously make use of the tutorial classes for the 


same. 


R. BHIMaSLN RaO reiterated his view that the system 
of tutorials should be such as tc encourage students to 
ask a lot of questions. Their difficulties in solving 
problems should be overcome by a 'series of simple questions 
and answers and the practice of straightway leading the 
student to the method would foil the very purpose of 
tutorials. 


Y. aT1AMTaHaII!IYaNA wanted to emphasize the relation 
among formal, informal and tutorial classes. In formal 
lectures, the reaction of stirlents is not studied, where¬ 
as it is felt in an informal lecture. Tutorial class is 


"S.c, 
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Where one cowld ethdy the ability of a etodent to 

■PPly Ms powers of thlnWpg and oondpoted In the proper 

■ay, It vould benefit even student, .e i 

above-average level. 

felt that the teacher f 

. teacher m-charge of the 

ubject should make it a noint tr 

home to go to tutorial classes 

P= PURUSHOTHiiHAI'J va<5 Inciin--’ f i 

- inclinru to observe that the 

’esent day students wanted evervtMnrt ^ , 

everything to be spoonfed and 

-- .-Stloh as to What a sthdent IS Shpposed to do by 

^..If When everything Is covered for his, m formal, 

formal and tutorial cla‘^'?e=' Cm-,! i ei 

tia.^es. Gould the tutorials be 

^ten to mean that the other leeturp 

or lecture classes are conducted 

an inadechate and Inefficient onnnert Oorld It not be 

Optional? 

S. SAMKAMLIHCbh, eald the moment the tntorlal 
saes were made optional, tl,e pcslMUty of even a 
gle student attending them was remote, 
p. PU;iU5H0?:;AHi.ri renlied e,. .. 

case, tutorial 

sees serve no purpose and should be scratched. 

T.S, intervehed to eey that all 

?ibl^ attempts should be madp to c-v-v = p 

Lo f-b-o/Aue an atmoa- 

e for the student to make bi-n c-tud-^ - -i 

— spite 

t, the student did not r*-'^^noK'd f- 

f..rpona, ttjen nobody could 

• lint, why deny the .students a chance of beln- 

sd? 



” OBJICTIVES OF LABORATORY WOH-L " 
iv.M. E^iHAUDDIN 


^he importance of laboratory work, as a valuable 

adjunct to instruction 4 „ a class room cannot bs ovsr 

eaphaslard. A visualised Interpretation or correlation 

of theory to what Is actually happenln" In the member or 

structure would help the student to understand the subject 

better. After all, theoretical instruction Is an attempt 

- very often mathematical to predict the behaviour of say, 

a material or a particular structure. Because of the many 

assumptions Involved in the theoretical derivation, a 

verification of the theory by laboratary work becomes 
npcepsary. 

Laboratory vork can mainly be of thrro types;- 

i) fo understand the behaviorr -,f - r..4- . ^ 

ufiid>,j.our c-. material under 

certain specific conditions. 

ii) i'o verify theoretical deductions 

111) conduct-quality control and production line 
tests. 

Most of our colleges concentrate on the first type. 

To some extent this may be Justified. B.,t we cannot 
Ignore .the second and third type of laboratory tests. 

In Soil Mechanics, for example, where we try to predict 

the behaviour of l c fi-c j. 

the first type of experiment may 

be Justifiable, but when we turn to the strength of 
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Materials Laboratory, I ic not feel satisfied vith the 
list of experiments specified for laboratory work. 

I have very oft-n put the question to myself - 
what is tlje purpose of conducting hardness and impact 
tests in the laboratory? I have not been able to find a 
satisfactory answer. We very often conduct tension tests 
as a routine affair. But I do not know whether this test 
is conducted as a preliminary introduction to plastic 
theory. It is not my intention to suggest that we should 
attempt to teach plastic theory. But what I mean is that 
the tests should be purposeful. A lot of instruction in 
theory of structures is being Imparted and therefore 
experiments can be devised to illustrate many of its 
aspects. '''Je can have simple experiments to prove say 
Reciprocal Theorem. Castiglianor Th-rorem, Influence 
lines etc, Ruch type of experim^^^nts vil] be probably 
more usefu 1 tban the destructicn re.s'^.s. 

Let us now turn to the quality control and pro¬ 
duction line tests, quality control is a field, still 
in its infancy in India but is sloi'ly gaining importance. 
I would not .suggest that such t-xpcrlments should be 
included in our curriculum but J f'='el that some at 
least of the existing t-i^sts could be interprete.i that 
way. For instance, a nardne^^ test is in reality, a 
quality control test. Looking from that point of view, 
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the carbon content of steel can be correlated to hardness 
number and therefore, the hardness number can be a measure 
of that particular constituent. In other words, the 
po.._ibilit/ exists, for the teacher to interpret some of 
the conventional tests in a ’..ray beneficial to the student. 

There is yet another field where the laboratory 
plays a very important role. Model Analysis is now an 
important field in structural analysis? theoretically it 
is possible to solve any complicated problem by the brute 
force of numerical methods. But with an increase in the 
unknowns, the labour involved is so great that a truly 
mathematical method proves to be often formidable. In any 
case, circumstances very often force one to verify the 
correctness of it by a representative model. 


I would nov.r like to briefly summarise what I wished 
to say. h'e are applied scienti.sts an..l the laboratory 
should, therefore, be fully utilised. The objective 
should be tc get a visualised picture of the behaviour 
of the material or a member of a structure. The labora¬ 
tory work should also be organised in such a way as to 
develop in the student a capacity to interpret and 
correlate facts. My experience is that the students 
are very good in conducting an ej^ppyijjjgnt but are often 
unable to interpret a simple graph. If the actual 
;-raph deviates from the ideal one, an attempt is always 



made to manipulate it to bring it in close conformity to 
the ideal graph rather than explaining the reason for 
deviation. I suggest that it is better to instruct the 
student regarding the details of equipment, procedure of 
the experiment, etc., and leave him to conduct the experi 
ment, plot the graph if any and explain the graph. He 
should be left to expalin the deviation and the reasons 
for them. This way, we would be able to guide him 
better to arrive at significant conclusions. 



"PLANHIHG LABOBiiTOay EttRCISI S PO.i A CCU:1SL W HT’lWmiCS" 


NARAlAlUS^^RhfY 


The main objectives In inti-oduclng laboratory 
courses In hydraulics for a Civil Engineer may be stated 
as follows? 

O To bring about a realisation that experiment and 
theory . an entity, 

11) 10 bring about clearly the difference between 
the ideal approach and the actual system, 

iii)To inculcate in him the art of using the 
measuring devices, 

iv) lo develop in him an experimental approach, 

v) To enable him to understand the fundamentals of 
the subject well 

vi) .10 Inculcate in him the Importance of laboratory 
vork for conducting model .studies, say in the design of 
hydraulic s'^tructures. 

In the Five Year Inte.grated Course, a Civil Enginee¬ 
ring student is imparted a laboratory cour.ee m Hydraulics 
in his third and fourth year. Thl.e practice is defective 

du€ to thp followijf]g reasons® 

1 ) Kuob more time is spent on practical vork than Is 
warranted. 

ii) v^andidotes seem to do the laboratory work mecha¬ 
nically at a time when they are not mentally suited to 
receive the instruction. 

34 5 
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lii) -'laboratory work ten is to become a set number 
of dull, routine and repetitive experiments which will 
curb one's enthusiasm for experimental work. 

It is, thereiore, necessarj?, in jDlanning a proper 
programme for the hydraulic Laboratory Instruction, to 
bear in mind the followings 

i) Lxperimphts should follow theory taught in formal 
lectures', 

il) Experiments should be such as to supplement the 
lecture class information; 

iii)Experiments should have an orientation to-s-^ards 
solving practical problems or be of use for design 
purposes, 

iv) Experiments should be capable of stimulating the 
ifflcit/ination of tijC stuuent to the point of l^ecoming 
research conscious; 


vj -i-xpc riro€'nt should bo do signed in such 3 wsy bs 
to encourage the recognition of common factors among a 
variety of ideas, recognition of similarities and the 
differences between unrelatpd facts or principles and 
these would assist in the development of or^^anizational 
thinking on the part of the student. 

It is preferable to place on the hands of-the can¬ 
didate beforehand a laboratory manu,al previously prepared 
so that the student comes prepared to the laboratory and 
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IS able to proceed, straightaway with the experiment with¬ 
out Slouch of instruction from the teacher concerned. It ie 
desirable that the formal lectures and laboratory instru¬ 
ction are handled by the same staff member, thus enabling 
the latter to come into intimate contact with his students. 

The laboratory instruction can be made more purpose¬ 
ful and less of a mechanical drill if it were possible to 
do away with the practical examination held by the Univer¬ 
sity and substitute in its place a certain minimum sessional 
mark which may or may not be taken into eonsideration for 
purposes of classification. 

Hydraulic laboratory programme can be better appre¬ 
ciated by a Civil Engineering student if in his final 
year he is asked to conduct atUast one model experiment 
to get the necessary hvdraulic data for the design of a 
hydraulic structure in his assignment. Such a procedure 
will make the student fully conscious of the fact that 
his earlier laboratory training was given with a purpose. 

Such a training will also make him fit to take up research, 
programmes later if he has a bent of mind in that direction. 

'report writing is an equally important aspect of the 
practical work. Students should be encouraged to submit 
original reports and where feasihXe, these reports 
together with a test should form the basis for as^r^cin^ 
his curricular work. 
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The active role a teacher has to play in putting 
through a laboratory programme to perfection cannot be 
over-emphasized. He should have his equipment working 
and programme ready; should be on the look out for im¬ 
proving the technique ani quality of his instruction and 

should keep himself m touch with the latest advancement 
in his field. 



"PLiJ‘J!'JING LaBCHATORY E’iEHCISES FCH A COURSE lU SURl/EY" 

0 a JEIiBaLa RAC 

Survey practicals in the unRer-graduate course 
differ from otljer practicals in one respect; in other 
practical s the object is to help the student understand 
the theory better by means of visual observations and 
quantitative raeasuresient s. In surveying, theory plays a 
relatively ninor role, as a study of the theory is made 
to enable one to carry out the required measurements in 
the field whether they are linear or angular or both. 

Ihe planning of field exercises in Survey is done 
with the objective that a student, after the completion 
of his under-graduate course should be in a position to 
conduct tne surveys required for various engineering works 
and to prepare the necessary plans and drawin-s. The mere 
know-how of surveying operations is not enough. He should 
have enoi?gh practice to .carry out the wo^k to the accuracy 
demanded for the occasion. 

In all the universities in Routh India, thi-^ subject 
i <=• covered during a period of three academic years (i.e. 
in the second, third and fourth year of the five-year 
integ'rated course). In the second year the student is 
introduced to chain, compa.ss and planc-t.able surveying 
and levelling,. This is followed in the third year by 
transit tneololite, tacheometry, cur\’’e ranging and 
triangulation. In his fourth year, the student is 
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further taught about iistrononiy, Hydrographic Surveying 
and Photogrammetrv, 

At present, training in survey fieldwork is given 
in two stages. In the first stage, training is imparted 
in regular fieldwork classes with the sole object of 
making the student familiar with the various instruments 
used in survey fieldwork and with the principles of field 
operations. The second stage of training takes place in 
"Survey Camps" organised fo'" a period of about three 
weeks, to enable the student to acquire onnugh skill to 
conduct the survey operations to the. desired accuracy. 
Only during camp training, the student normally gets a 
chance to carry out field exercises in a type of terrain 
which he is likely to encounter in engineering works. 

It may oe generally accepted that compared to any 
other subject, better training is given in surveying in 
our curriculum. This is as it should bf , as most of our 
students have to be still absorbed by the Public 'dorks 
department and Highways Oepartnejits, wfiere they are 
required tc carry out preliminary surveys for various 
kinds of projects. 

In certain quarters, doubts have been ral scd as to 
the utility of training our students in astronomical 
surveying, photograinmetry etc. This is a debatable 
point, 
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As the Survey of India -department have their own 
intensive training prograroiBe on these subjects and are 
much bett-r equipped to give the training in these sub¬ 
jects, our teaching these subjects in the colleges amounts 
to more or less duplication of the work. In the light of 


the above, will it not be more 
these portions from our syllabi 
programme to two years instead 


desirable to eliminate 
and restrict our training 
of three years, as is being 


done at present! 


DlSajSSIO^Js 

H. S. SHIVAStJiilTf felt that it ^ 

tiiaL lu wouici 06 ci6sirc3bl6 to 

bifurcate the laboratories into Applied Ib-chenics Labora¬ 
tory, Materials Testing Laboratory, Model Testing Labora¬ 
tory, Cement and Concrete Laboratory, llydraulic Laboratory, 
Soils Laboratory, Survey Laboratory etc. He was of the 
opinion that experiments must be so selected as to incor¬ 
porate both qualitative and quantitative tests. 

h.H. BAILiUDDIIi observ-d that in subjects like Strength 
of Materials, theory of Structures etc. one is primarily 
interested in the behaviour of a material,the behaviour 


of a member or the behaviour of a structure. The course 
of laboratory instruction as practised in our several 
engineering colleges Is primarily devoted to the study 
of the behaviour of a material. 
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T.S, VENKii.TxiRAMii.I'IiiN intervened to remark that per¬ 
haps that is all that is required at the undergraduate 
level. 

K.h, BilHAljDDIM paid that it would not be correct in 
his opinion to give equal welghtage to strength of mate¬ 
rials laboratory/ and survey practicals. When the Survey 
of India department had expert facilities for training, 
he could not unuerstand the need for a very extensive 
laboratory course in surveying at under-graduate level. 

He agreed with D. JEEBaI^ RaU on the idea of reducing the 
duration of instruction in survey from three to two years. 
In a similar way, he felt that tests such as hardness and 
impact tests did not carry any significance and questioned 
their utility in under-graduate instruction. 

r. PURIJSilOThAMAW was inclined to agree with 
Eoi'i, Bahauddin and said th-'^t acceptance test'^ could very 
well be taken out of the under-graduete curriculum. 

disagreeing with the remarks of K.?i. Bahauddin and 
P« Purushothaman, T.S. VENKATAH/u'IaWaM observed tijat it 
would not be proper to condemn tests like Hardness Tests 
etc., which were easy to perform and cost very little. 

Each experiment had its own value and after all the use¬ 
fulness of the hardness test by way of its relation to 
ultimate strength could not be questioned. He suggested 
a limited number of simple experiments for under-graduate 
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students and felt L}jat advancrd experiments could be taken 
up at higher levels. Perhaps experiments on tension, 
compression, bending and torsion would be quite adequate 
at under—gradustC' level and for this reason deprecated 
the idea of paying too much of attention on the layout of 
laboratories. On the survey side, he was inclined to 
feel that surv'pv camps were very beneficial to the stu¬ 
dents as they conditioned the students for the job they 
would be called upon to do later. 

D, JEEBii.LA liiO said that whereas soraetime ago,there 
were only two or three laboratories on the Civil Engi¬ 
neering side, the tremendous development of technology 
had made iraperativ'' the addition of fluid mechanics and 
soil mechanics laboratories etc. hr f?it that che curri¬ 
culum should prcvidr- for an equi-^abl^ and oalanced repre¬ 
sentation of the Laboratory cours:' in the new branches. 

E. ij, dEC-lGE a ske :l whethrr tii :' curriculum, already 
croiA^df'd, would be "bee to accommodate all the la])oratories 
in the time-table. 

K.h. BAHiiUD.dli'I said that perhaps what vj-as covered 
in the laboratory class need not be gone through in 
lectures a:;'a in. 



"THE OBJECTIVES OF PROJECT METHOD /HHD ITS USE I^^ CIVIL 
ENGINEERING - INSTRUCTION WITH SPECIAL REFERENCE TO 
HiDRiiULICS" 

V.No VxiPPICHA 

To give a precise definition of the term 'Project 

Work' would be eyceedingly difficult. For our purpose, 

I believe, it would suffice if we define it os a method 
% 

of tackling a problem which cannot be solved within a few 
hours and which may or may not involve- practical obser¬ 
vations, laboratory experiments and theoretical analysis. 
It may require the judicious use of various theoretical 
aspects studied during a course of formal lectures. 
Therefore, the project method sjves th.c student an 
opportunity to look back, rrcanitulat:- on'i rssimilate the 
topics cotw'red so fa’:'. The actual woriiing of a project 
by a student can bring out points misse-l by the instru¬ 
ctor during hie formal and informal lectures, but which 
are necessary for arriving at a proper solution. 

ii- project work may often be a problem conn^'cted 
with practical life. It is advisable to select a project, 
which is closely related to the nearby locality. This 
helps the students to correlate the theory and practice. 
The consideration of the various factors as they exist 
in the locality would help the student in visualising 
more complex conditions, that may occur during the 
future carrier of a student. 

A project may be worked out either by a single 
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candidate or by a team of three or four person?. Team 
work may facilitate to bring out •'various special features 
of the project, vhich may not be always apparent to a 
single candidate. The definite advantage of mutual and 
continued thinking and free discussion that accrues from 
team work cannot be ruled out. 

In Hydraulics, various topics such as design of diver¬ 
sion works, investigation and design of a canal system, 
studies in river training, model studies of Hydraulic 
structures, problems in backwater computation etc. are 
topics which can be taught better by way of project 
method, rather than by formal instruction. 

Let us consider the example of the design of a river 
diversion work. Before the design work can be taken up, 
one has to collect pertinent data such as the ayacut and 
duty, maximum flood .-lischarge, lfw?6 Is and distances of 
ayacut, whether or not naviga'^ion facility is to be pro¬ 
vided, tije effect and desirability of reducing the water¬ 
way, the size and availability of crest shutters, the 
additional benefit of providing a roadway and the economy 
in selection of construction material etc. These data 
and other design considerations are bound to be different 
for different projects and they cannot obviously be 
discussed in detail in formal lectures. It may be 
possible to indicate only the general methods of approach 
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to such practical problems and the actual application of 
the methods and a capacity to take correct decisions 
based on data collected, are best learnt by the students 
in project work. 

To sum up, it may not be an exaggeration to say 
that project method is a better method of instruction 
compared to the method of giving isolated and unrelated 
problems in lecture classes. It stimulates the habit of 
thinking, mutual co-operstion and the capacity to face 
problem.s as they exist in nature. It also provides the 
student an opportunity to appreciate and understand 
practical adju'^tment to the theoretical approach to 
a problem. It helps to imbibe in him the quality of 
originality and resourcefulness and gives him a better 
knowledge of the application of theory to practice. 



’'ThE OBJICTIYEo OF P.iOJF.CT i' FFwco ^•''1 T-t'c; nQT tt" r'TTrxT 

i-sTHucric« wiTi ■srEci.L'Hr'rii/ci g 'Icel 

M 0 S o J iiYii •)£ VA 

^ipplicption of Pro.jpct method tpchniqur ,c.^ in ny opi 
nion, ir sure to fetch benefits, particularly in a subjec 
like boil Mechanics, let us consiler for example the 
typical c3'=e of an earth dam desi.'-n. The students shall 
be .^'iven the data regarding the site conditions and also 
samples of soil available at site. They should conduct 
tests on the soil samples to determine the various index 
P'-operties and then proceed vitb the design aspects of 
the problem, sucii as fixing up the height of the dam, 
stodjility of the slopes, drawing the flow-net diagram and 
providing proper filters etc. In the course of their 
assignment, they should also collect the available litera- 
tu-e dealing with the different stages of construction 
worK. i^inally they have to compile all theiv> works and 
present it in the form of a report. 

-s the students have to do all the tests to know 
the various index properties of the available soil samples, 
a corrmlete range of the varied nature of soils is now 
presented to them. The t«^-tp give them a picture of the 
characteristics of sandy, silty and clayey, soils, 
dather thnn giving them a set of values for the various 
soils encountered, this procedure would enable them to 
have a feel for soils and imbibe more confidence in 


0 57 




358 


dealing with actual soil formations in future. The si 
nificance of the various tests and the necessity for a 
Judicious interpretation of the same is now brought to 
them in a greater emphasis, .is they have to test the 
stability of slope-' under different conditions it would 


give tiiem a much clearer picture of which type of shear 
parameter they have to use under specific conditions, 
iaS slip circle analysis would gi's^e them sufficient 
design experience to select the most economical section 
of the dan. The collection of literatore fro>-- various 
sources would give them ample idee of ti^e various features 
of earth daiis from reconnci ssance to completion. When the 
necessary drawings, specifications, schedule of co-'+s etc., 
have been prepared and the project report is completed, 

I ara sure, that the students would certainly feel harcy 
and prou'd about the.ir work. The project work would have 
certainly given tiiem a boost to their morale en.'l niakes 
them confident of entering the professional field. 

In conclusion, I would like to state that the 


project work method enables the students (i) to have 
an appreciation for the laboratory testing works 
(ii) to develop confidence in the analysis and design of 
project work and (iii) to gain familiarity with the 
various execution aspects of the project '^york, as 
rigiitly pointed out by K. Srili-IIVAGAi-' in his talk on 
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.■VFlop.iient of Criginaiity and dpoourcefulness'', the 
project work method provide? considerable ecope for the 
student to think and study for himself and to apply 
theoretical principles to practical problems in an 
intelligent manner. Even though project method has 
not yet found wide acceptance in our under-graduate 
curiiculum on account of the large number of students 
to be handled and the vast syllabus, its introduction 
in more and more subjects should recpive careful 


consideration. 



_|'THL OBJECTIYES OF PEOJICT METHCO ITS USE IN CIVIL 
iNOINEPliNG INST AUCTION With special HIFEREUCL to SURVEY'' 

0, V, GaI'I Gi-i .)HilR 


i'roject i.'ftiiod 1? a vevy ^ffpctivp and valuable 
niethoa oi making a student understand and appreciate the 
application of theoretical knowledge to practical pro¬ 
blems. in this method, a student or a group of students 
is entrusted with a certain project dnd is asked to 
coi-i-set data, may be from the field, or from laboratory 
test'^ or from books depending upon the nature of the 
project, and it is the responsibility of the group to 
work out necessary de.sign sheets, drawings etc, with 
the help of knowledge imparted to him in formal 
instruct! on. 

'-he benefits derived from a properly conducted 
pr-oject '-rork r. r-e Lianifold. In this "letiiod, a student 
has an opportunity to utilise the knowledge, which he 
has acquired to practical application in a better way. 

The practical feasibility of many of the theoretical 
concepts delivered to him in fornal lectures- is clearlv 
brought out, j.'ie gains measurable confidence in tacklins 
field prc'blems. .It makes him better sea^oue.i to take uo 
a professional career. 

Especially in a subject like Surveying, which is 
more practical in nature, the usefulne.Qs of the project 
method of instruction cannot be over emphasized. Owing 


360 



361 


to lack of time, it i= seldom possible to teach every 
student the practical use of the various surveying 
i n struwert s. 

On the other hand, if a survey camp could be 
arranged and a snccific Project, like a Tank Project, 
doad Project or Restoration Project etc., is .given, I am 
sure, tiiS student '**fould be able to utilise his knowledge 
better, rie has ample time and guidance and becomes pro¬ 
ficient in the handling of the equipments. Ke learns the 
subject better this way. This way, a formal instruction 
at any time cannot be considered equivalent to the pro¬ 
ject method of instruction. 

I am happy to say that project method forms an 
important part of Civil Engineering instruction in Hysore 
otate, in the Third, fourth and Fifth year of the under¬ 
graduate courses. I ))eliev?, I can confi ientl'-.' say that 
student s wno I'.av- 'iOr'y^d in a project survey are much 
better equipped to tackle practical problems when they 
become practising engineers and ars more accustomed to 
the conditions and circumstances under which they may 
have to work as Engineers in investigation ^^ro^ks. 

May I conclude by saying that .given the proper 
guidance, students xirould realise the importance and 
value of Project work as a very successful method of 
instruction, particularly in subjects like surveying. 



362 


DlSajSSIO.W; 

3:ij,'.!K.-.-LiiLIJIGiUi erpressed perfect agreement with 
what was said in the papers presented, but complained 
that pro^iect work, of late, tended to become stereotyped 
and was incapable of truly measuring, the originality of 
a candi'Jote. J-his was particularly true when a single 
project work was planned for the entire class, resulting 
in an almost single solution, thus leaving no room for 
any original thinkinr on the part of the students. He 
suggested that students should be provided with only the 
very basic data necessary - as, for example, what could 
be expected to be supplied by a prospective client - and 
left to themselvep to collect all necessary data, to 
decide upon a suitable structure, to properly analyse it 
and to prepare the necessary computation sheets, 
drawings and cost particulars. Introducing the project 
work, o!ily nl the final year level of civil engine*^'’"ins 
course, hx' felt,, tende i to deprive its full value to the 
student,s .and iie recom'-.enJe'-l it'' introduction from third 
year level, where, to -tart with, ,‘n'aall projects like 
the construction of a resldentinl building, a puKic 
library, .a hospital etc., could be fruitfully allotted 
to the students. This would considerably help the 
students in getting a proper perception, with regard to 
form and size of a structure, aesthetics of design etc. 



Do JLLBxiLoi. 'iiiiC, Fpeakin-i nryt dpprecated thr idea 
of prescribing a single project vork for the entire class 
of students. He recoiiiaended that a set of select pro¬ 
blems covering six or seven different fields be placed 
before the students and they be asked to choose there¬ 
from. This would evoke a spirit of enthusiasm on the 
part of the students and ,is bound to produce fruitful 
re suit s. 

Ho S, SHIVASA'iff said that prescribing project ^eork 
in the field of Hydraulics did not appeal to him, as 
there was always a possibility that many Ky iraulic Labo¬ 
ratories raight not be properly equipped to deal with such 
special situations. He frit that the field of Sur^^eying, 
Sanitary Engineering, Soil Mechanics and Structural 
Engineering offered more prospects for the successful 
inclusion of project work, xi,freeing witli the remarks 
expressed by S. Sankaralingam, he saiti, that only the 
minimum amount of dsta should be supplied to tiae students 
so that their true potentialities could be mearureJ. 

C..T. SilliiiiRTLlI was of the opinion that project work 
are best allottel to the stu-.lents well before the exami¬ 
nations and suggested suitable incentives in the form of 
prizes and medals to bring forth the best by way of 
competition. 
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G. i pleaded for the inclusion of sanitary 

engineering works under project work and deprecated the 
habit of prescribing always structural engineering topics 
for project work. 

■tilluding to the remarks made by H. S, Shivasamy 
regarding the impracticability of assigning project work 
in the field of hydraulic structures, K.i'i. BaHaUDJIN 
remarked that project works need not be necessarily on a 
big scale. He pointed out that an engineering student 
in his th.ird year usually has a complete knowledge of 
design aspects of the various building coraponent parts 
such as lintels, columns, beams etc. and this could be 
the right stage to introduce the project work to him. 

A simple ’ouilding could be assigned to him at this stSrge 
and he be asked to particularly devote his attention to 
design features, fom, disposition of members etc. 

y.H. ViiPPICH/i remarked that team work in project 
work should be encouraged and to avoid repetetive designs, 
the number of students in each group could be restricted, 
depending on the nature of the work. 

S,. SiJ-HCi'aAlI'^GAH disagreed with Vappieha and 
asserted that stulrnts should be given independent data 
and each one instructed to produce his own designs and 
drawings. 
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S.iL SaiNIYiiSAM intervened to say that the staff 
position may not always justify snch a course to be taken, 
S. SA'h-'A 1 . 11.1 ■■TdiiM replied that the fact that the 
basic data is the same does not necessarily mean that the 
ultimate design features should also be the some. The 
important point was to make the student think individually. 
All the different designs may not be economical to adopt, 
but, in his opinion, the question of relative cost should 
not enter at this stage. 


LEO V. NCTilSTITlE said that the project work should 
be regarded as a very valuable teachin-; and learning aid 
and conducted properly, would serve as a valuable tool 
for measuring the intrinsic values of the individuals. 


ilo iShli'-'iSEh concluding said, tiiat the utility 

of the project work could be ccnsii .rlerably increased by 
permitting the staff members to be associate.! with con¬ 
struction firms and do consulting work. This way, there 
would be considerable scope for tL-rowing a wide variety 
of p>ractiijal problems to the students and to stimulate 
their thinking abilit;’’. 



"StHINAH j-lETHOD IN Oiyil INGIWLtl-iING INSTRUCTION ' 
ii, AlTLRTirJ IYER 

Serainsrs in ienersl involve the presentation of one 
or more topic=^ of a particular subject by one or more 
individuals followed by ^roup discussion. 

In the class room type of ‘’eminar. a student 
selects a specific topic, which is yenerslly allied to 
but not necessarily included in his re^iular curriculum 
or syllabus. He refers to a nuniber of books and jD^^rio- 
dicals dealing with tlip topic clios^n, makes a critical 
study and presents it in a clear and concise manner. 

The method, when faithfully implemented, has the specific- 
advantage in that it brings the student in contact with a 
number of books and periodicals and makes him confident 
to transmit the information to others effectively.- 

It is not uncommon that most of our students 
generally feel reluctant or si':y to put questions to tiie 
class teacher. very common tendency is that they 
prefer to keep th.e doubts to themselves rather than 
getting them cleared.. The state of affairs, I have 
observed, is slightly better when the topic is presented 
by a fellow-.ctudent. Ifore constructive criticism is 
generally forthcoming and the student presenting the 
paper, equips hiioself better to answer tb.e various 
question 
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is-part froro this, seminars also provide an onportu- 
Lty to improve a students' communication skills, or the 
Jility to transmit information to others in ?n effective 
anner. The student finds himself in a better position 
) express his thoui^hts and face his audience confidently 
a distinct advanta^^e for one who wishes to become a 
>acher, later in his life. 

In most of our institutions, we have the seminar 
'Stem in one form or other at undergraduate and post- 

I 

'aduate level. Civil Engineering associetion meetings 
'ovide opportunity to present paper^^ on various topics, 
idividual evaluation of the efficiency of such meetings 
'seminars is bound to vary. I myself havs not felt 
ite happy with the working of this system in our 
st itutions. The response from the students is invar! a- 
y poor. One of the reasons for this sorry state of 
'fairs 'may be that participation in mch seiiinars is 
t as yet compulsory and under the present system of 
aminations, a student does not feel any necessity to 
so. The pattern of education still is that a student 
arns raore by way of prescribed texts and dictated 
tes-i so much so, many a student find it difficult to 
arch for outside references and to present a paper, 
is should change, student "^hould acquire the 
ility to know what to look for and ■'■'rhere to look for, 



In casp he is fscecl with actual probleme. In this 
re-spect, the se>sinar sy-'tem, if faithfully implemented 
vould 20 a Ion,? way in instilling confi■••lence in the 
student, which would keep him in good stead. 


Expressing complete agreement x-rith the speaker on 
the utility of the Seminar Method as a valuable tool in 
instruction, C. T. S^ILRAMULU favoured the institution of 
prizes and suitable other incentives to enable students 
to more actively participate in seminars. 

S. SidlKAru-iLIMCTAii wi slied to emphasize the role of 
the staff members in properly guiding the -students to 
choose their topics. It was not uncommon to see students 
trying to bring in tonics, far beyond their level of 
comprehension. He wislied to stress the necessity of 
making all stu.lents actively pa^ticipats^ in Seminar dis¬ 
cussions, sc as to derive maximum benefit from such a 
method of instruction, 

'iielcoming ti’S seminar metho-.- rf instruction 
1, H"'lii“iTAdARiirAl‘bi suggested that seminar method in 
conjunction with project method conjunction with pro¬ 
ject method could be tried out successfully. 

Ii, 3 . ;::IiIVn.-‘J./Ar:Y expressed doubts ’’eear-iing the 
usefulness of semina'r's as a metijod of instruction. 



369 


i VI> >i!- jx’TaM observed that if tcrics are 

properly chosen, the seminar nethod could be very effe¬ 
ctive in ite purpose. 

LEG V.NCTHSTBTE, in his concludin^^ remarks observed 
that tfie very inclusion of manv other methods as tools of 
instruction as practi-ed toda^ would indicate that no one 
method would be satisfactory at all times and for all 
levels. Each method has to be tried on its own merits, 
he said. 



aiRRI CULU;-I PLiJ'RT 
K,M. BaE-iU'ORIN 

Since indepenuencp, the syllsbue for En^ineerin/:! 
Education liae untJei-'j.ne many changee. Bn.t the pattern 
of education has •ce’‘iainecl »nor-e or less the same. The 
course content alone in each subject has increased con¬ 
siderably and an average student finds it difficult to 
assimilate all that is being taught in the College, ii-s 
a result some students find it impossible to get through, 
ethers do selective study just to get through the exami¬ 
nation. This results in xirastage or improper utilisation 
of human talent. Planning a Curriculum sh.ould take into 
account national needs, the capabilities of the students 
and methods should be devised to Titilise the aptitudes 
of the students with minlixurc wastage^ There Isa lot of 
differencp betXAreen raaking syllabuses an'i planning Curri¬ 
culum. Es far as is known a rati coal st^idy of the pro¬ 
blems of '.'''■nginerring Education lias not been done. 

Our students are having about "6 hours of class work 
per XATeek. To assimulate one hour of lecture, an average 
student may renulre about two hours of home or library 
work. Laboratory’ work may not require so much time. 

On the a bore basis a student may have to x-iTork 12-3.5 
hours a day to assirailste all th-it is taught in the 
class. This is a difficult task and if we try to force 
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upon the etudent this amount of work, the result will be 
wastage of time and energy on the part of students and 
staff. There will be complaints of falling standards 
and wastage of talents, -tj. similar student in England or 
America has only about 24 hours of x^rork per x^^eek. 

In Indian Unix^ersities so many subjects are being 
taugbt to the students. For example a Civil Engineering 
student 3 s trained to a become a structural or Building 
Engineer, Irrigation Engineer, Public Health Engineer, 
Transportation Engineer, etc. We will have to admit the 
fact tliat it is not possible to make him competent in 
all these fields, iictually the student will choose any 
one of this branch for his career. Therefore, it is un¬ 
necessary to train the student in all the different 
branches v.-f Engineering. 

In olden days we were training the students for a 
job and the opportunities were limited. We givp him some 
information about everything so that xeherever toere i s an 
oue'Tj ng ho can "et in. Af need not be very competent 
because all the designs were coming from England. To-day 
we have to produce Engineers for national needs. So the 
Curriculum Plannin.; rust foresee the future needs of the 
country. The country Is planning in terms of 5 years 
and the Engineering Education should consider the deve¬ 
lopments 10 years hence, since a student x^lll take about 
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5 years to ^et an I-njineering Degree. At the present 
trends in our five year plan the investment may be of the 
orde^^ of ^".50,000 crores. Naturally the pattern of inve¬ 
stment will be different and the young Engineers will be 
called upon to shoulder new responsibilities. 

I an- of opinion that, more than ninety per cent of 
‘^'tudents are sincere and hardworking. This may be true 
with the teachers also. But there is frustr.'tion every 
where. This is probably because of the fact that course 
content i s so much that neither tiie student nor the 
teacher is able to do full justice to the subject. We 
will have to accept the fact that it is not possible to 
make a student competent in all bi-enches of Ci^ii, Hecha- 
nical or Electrical Engineering within 5 yt-a-’s of Engi¬ 
neering education. It is unnecessary also. The curricu¬ 
lum sljould be orient?'I for example to train not a Civil 
Engineer but more competent Irripoticn, Public health, 
Building Engineers etc. In other words, options! system 
is to be introduced. 

The available time should be distributed according 
to the importance of the subject. When the map of the 
country being prepared surveying had muci; importance. 
The sa:r,e subject need nc-t have the same importance today. 
A Highway Engineer or P'uDlic Health Engineer should know 
more about the particular field of study and probably 
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nothing cr very little obout -ry Irrigation. In this vay 
the available time can be utilised more usefully. This is 
not specialisation but accepting the fact that everything 
cannot be taught properly vrithin the available time. 
Majority of the students are absorbed in construction and 
their training need not have so much of Mathematics. The 
case is different for research i^rorker. 

The Curriculum should be laid out for the average 
student. In the linal year there should be optional 
subjects so that even a belo^«f average student will be 
able tc choose a grou.p of siitjects. 

C0’'-‘CITT5ir!f; 


J-O-Uay the oo'e'U'.'p coviteet is snl. ar 

average student is 'ujt al'de to assimilate ’''IjCt is bein" 
(..aur'.bt. 1.. is necessary to reduce tiic cou.rsf: content an l 

this i'- possible by 'dving optionals in the final 

year. Instead of giving a general deuree in Civ.i-1. 
Mechanical or .electrical Engineering, The degree can in 


some branches of the broad category. Even if we accept 
such a Curriculum now, it nay take 5 years for the 


■students to ue trained on the basis of the new curri¬ 
culum. By that time the industrial development of the 
country vrill be sufficient to justify such branching 
and employment opportunities iiay be available In each 


branch. 
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DISCTJSSION.: 

■T. ’/iiPPICJU eyprepsp'i his B’^reement vith the views 
of the speal-cer and opined that specialisation in a parti¬ 
cular field of Civil Ingineering should be encouraged at 
Pnder-Graduate level itself. 

lioS. SEIViiSiiiiY i,^as of the opinion that curriculup) 
planning should be oriented to meet the requirements of 
the indusrry. He felt that a thorough study of the 
employment potentialities of our outgoing students was 
essential before-' a change in curriculum could be 
1 uip 1 erne n ted. 

It WGs the opinion of &*■» SAdl'.ii.'u-iLI'liiil'’ thal- the 
calibre of a stuoent should be fudged at the outset before 
a proD'^r curricp^lum could be planiied for him, he felt 
that the curriculum should be profession oriented. He 
advocated the inclusion of a course on teaching in the 
final year for such of tlnose students X'^ho x»ri shed to take 
to teaching as a career. 

Lie 7. ■'■ICTHSTIHE^ in his concluding remarks felt 
that a system should be devised by which a student's 
aptitude for the engineering course could be correctly 
measured in the earlier stages of the coi.-rse itself, 
thus ax^oiding wastage. x-e sugresled that the group 
prepare e model curriculum, and put it at the next 
se ssicn for cciTiraent r, 



ga'^ilas I!-" ciyT~ 

limitatig-js 


CPpC:iTIJ''’ITIES A"ID 




uI'iAJ. a::a TEiiCHIMJ.i 


T). JLIBALa iaO 


*ie in InJ] a are now ^oin?; throu;-^!'} a period of nation 
building activities. ¥e have had so far three five year 
plans. If we take a look at our achieveraents so far,they 
appear to be quite meagre. We need many more five year 

plans to be on a par with the other well developed coun¬ 
tries. 

In this context, there is an evex’ increasing demand 
for the supply of technical personnel. This has resulted 
in an inciease in the number of technical. i.n‘''ti tut ions 
and has made possible for an engineering graduate to 
take to teac.ung as a career worth pursuin" unlike in 
pre-independence days when one took to teaching just for 
the love of it or just because he wislicd to have a rela¬ 
tively quiet life. 

'le have now in teaching profession opportunities 
for acquiring higher qualifications and to a limited 
extent research facilities too. 

hne who takes up teaching as a profession finds 
comparatively more opportunities for higher studies 
abroad - thanks to the generosity of such countries as 
iJ.S.A., U.K., Russia, France, /erraany, etc. - apart from 
the degrees and the training one gets during his stay 
abroad, one finis that his stay abroad itself is a great 
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education in many respects. 

A person who seeks great satisfaction and pleasure 

in tije job finds it possible only in teaching profession. 

0 

For a practislnf: engineer, this may be alrsost unattainable. 

In spite of all tiiese opportunities we find that 
there is a great shortage cf teachers. Obviously there 
are certain limitations. 

In many colleges in South India, the salary scales 
of teachers is very low. Hence they are not attracting 
good talents for teaching. Andhra Pradesh and Hadras 
have impleuiented the revised scales of pay, mostly based 
on the recommendations of All India Council of Technical 
Iducation. vSome other states are yet to implement the 
same. Until such tine the salaries arc improved, we will 
continue to have shortage of teachers. 

Another limitation may be due to the fact that the 
staff structure is not formed on a rational basis. In 
msny instances it is rigid. On account of this some 
highly :iunlified and experience! teachers do not get 
promotions for want of vacancies, thus leading to 
frustration. Secondly there are far too many junior 
posts and only a few senior posts. Consequently the 
chances of promotion are -lUite bleak. It is suggested 
that we arrive at the staff required on the basis of a 
staff to student ratio of 1;10 and keep the ratio of 
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Prof.r.or,, Assistant Profsssors and Isoturets in the 
ratio of 1:2:4. Frovleion should be oade to Iceep the 
staff structure elastic ana to create super-numerary 
posts as sod whet! the situation demnds. 

■'t present the teaching profession has beocne a 
water-tldht compartment, and there are no opportunities 
for the teachln, profession to handle reclistlo problems. 

i^enCe th? 'Ct'SCh’t p.f nrofr oc;'? r>i- n 1 

-nio proiPssioL is beconin 3 rather highly 
academic and the nrciot-i 

enginee.r.- have nc confidence 

in the technical competence of the ter chins staff to 

handle nealictie rivni-nc-nc t 

- ^ -c .oroble^n.. In order to ineke the teaching 

profe,?.eion attractive, the^’e ohnni -] ho o n 

? •exjf.r ..noui-i be amnle scope for 

cnnsSultation ^-fork. 

•-any of our coiiprrpo „.t ..u. , 

...re nJi.'iin.L-cA-red like an- other 

'overnr'e'nt 'ipr)qr-i--.r:pnfe, 

- eort. ent,-. oonsenueotly there is .absolutely 

no acad.-^-inj c fv’e'-dn>--. ,.rh-: p.:.., ^ 

■■-■‘--i: i .=! very er.eentia] for •^he 

teachln; profession tc thrioe. 0„ .a.;, ppst of ’the ase-old 
rule.s and -esulrtlons the teacher finds himself In a 

po.eltion in which it ^ ^ d! ffi m-i *■ '■ 

— ... 111 C 1 .. 1 L to procure the basic 

-f-l- lor te.3ching euch as chalk, duplica- 

tors, typewriters, etc. .Scrapninj of =ome of these cum- 

oer.ome r .lfs would go a long wsy in Improving oui' 

teaching techniques. 

There is yet another serious limitation, In the 
teaching profession. It Is the usual practice that when 
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a young teacher starts his career^ he is usually thrust 
with some sub.iects which all others feel reluctant to 
teach, ''^o attempt is made to encourage the young teacher 
in the early stages of bis teaching career. Consequently 
the junior posts in the teaching profession are taken up 
as a sort of spring board for jumping to a higher post 
elsewhere. 

DISaiSSICN; 

LEO Y.NOTKSTINE briefly preferred to careers in 
Ciwii Engineering Teaching as obtainable in Ti.S.ii, an<i 
observed that quite a few yeass back, it was not uncommon 
to come across a Civil Engineering teacher handling a 
variety of subjects. Citing his own case as an example, 
he remarked that conditions in his country had changed 
however since then. The modern trend, was for a civil 
engineering teacher to specialise in one particular field 
only and tiiis, in his opinion, was a change for the 
better, in that it was more conducive for development of 
research. 

S. Sii.’'TKA'RALINGAM was however of the opinion that a 
civil engineering teacher should not confine himself to 
teaching a subject of his own specialization only. He 
was constrained to feel that this would hot be practica¬ 
ble with the present shortage of teaching staff. 



J'Creeing with the observations of fi. Sankarsllngam, 
S.T. NaJ,lUJa said that to eypset a teacher to confine hi 
teaching only to his field of specialisation night result 
in an unbalanced workload, particularly m under-graduate 
classes. He felt that it should be possible to devise a 
system by which subjects could be changed by rotation 
among the staff, say once In three years. He stressed 

the role of refresher courses In enriching the knowledge 
of the teacher. 

.JliUiii-or-UJii referred to the observations made hy 
JELEaLa ..-AO vith re-rard to .nlloc.-tion of .11 descri- 
ptive subjects to iunior staff members .-nd s^id tint the 
situation vas unfo-tun-tely t-ue. lie .-erred with the 
speoaker in his remarks th-t .at present no .attempt is made 

to encour-age the young teacher in th-^ early st-ges of his 
c.'reer, 

■S. intervened to -r-ierk th.at just 

btCi.Uu-.- youn.ub .'--t.uff member goes to ' junior class, it 
does not moan th-.t he is ranked inferior. 

£. dii-iiiYidlAfAMY felt that the allotment of lectures 
should be such as to ensure continuity throughout. Citing 
the provision of Ky.draulics in third year and iiyrlrcullc 
h.aehinery in fourth ye.-r, he s.-id uoth the subjects 
should be preferably h.indled hy one an.d the 


s.ame person. 



Jyprpssin',:. perfect agreement with the rera^rks of 
Jeebale liao, namely, that the staff structure in many 
of the engineering colleges was very ri^;i(I, iln So .SHIVaSaIIY 
said that the adherence to a ’fixed number of posts' in 
an engineering institution interfered greatly with the 
career opportunities of n teacher. He fccvoured the 
adoption of n suitable system by which a teacher would be 
nutomatically elevated to the next higher grade, irre¬ 
spective of the availability of posts or otherwise. 

In his ore'.nion, it was ner-essar^/ to bring about as early 
as possible on atuospherc, in which the tfacher would 
have no fears about his future prospects Hr w":nted to 
know ti'.e conditions in U.bbii. 

LEO VoNOTHSTIi'':E said that in many of the American 
Universities a young teacher would be expected to get 
his Master’s degree within a period of three years after 
entering teaching line. In some cases, a period of five 
years was also allowed. He stressed the fact that the 
system in U.S.a, was more flexibile and pointed out that 
the allocation of budget amount on a rational basis 
enabled the administration to pay the staff well 
commensurate with their qualifications. 

CoT„ SnlkAk'TLU dircgreed with the remarks of 
D. Jeebala 'tao who ha.l observ'd earli^'r in his speech 
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that very often people preferred teaching, ,i-ust 20 they 
could have an eas} tini?. He furji-ier obst-rved that lack 
of suitable incentives was the raain reason for the present 
drift and lack of teaching staff in eng’ineeriny institu” 
tions. He suggested tiie forLiulation rf liberal leave 


rules by which teachers could visit ether institutions, 
could work in engineering establislartent or could devote 


that time towards wc^rklng for Ph.Dc f’egree etc. 


K.M. B^JilLUDdlF 
that, in his opinion, 
among engineering, stn 
social problems f-'cin 


in iiis concluding remarks, observed 
ihat thf problf'Ci of dj scontentment 
f;'. f' s only n ’’ef lection 01 the 
our country. ‘e wi shied to draw 


the .attention of the m--mbei; ■; o •‘h. v'tal necessity of 
cisann eli sin che pi'-t' n i.ui .Lr hi < of ti;e \ people in 

n proper Monneo, '.iu-' .senior '■•'’‘.■'.ri' '''er:'l.’ers could play an 
effective rolo in trr s. lie .:;!-rli ovjr d .a,gainst tne mainte¬ 
nance 0;!' any system ■fy-n'i’; n,; t;.') dc str-vy an i J copr.^rdi so the 
talents of young, ambitious ''t-^ff memb:''rr. fovoireed a 
thorough change in the present ^•.''stem. 





PHOCILDINGS ON 21-6-1965 


Prof. S. SitlNIViiSriN welcomed the participant?. 

He outlined the general programme for the afternoon 
session and informed the participants that they are 
free to iTinke any suggestion in the matter. He remarked 
that the group attending the session was a mixed one 
with a Wide spectrum of interests. As such the subjects 
covered in the technical papers presented dealt with a 
wide field ranging from semi-conductor electronic? to 


digital studies in power s7stems« 

Prof. I.O. PHidf who spoke next briefly 
tile scope of his lectures on semi-conductor of 
He emphasised that the usefulness and success 


outline 
pctronic 
of these 


lectures depended on tne 


active co-operation of the 


participants. 


-‘-i.e partlcipanf? then introduced tiiemsi^lves to the 
group. At the end of the day the bio-data particulars of 
the various participants were collected. 


7 C 



SEMI- cor B'CTO S ELE cr ;: 0 -TI cs 
I.C. EBEftr 

The speaker introluced the subjet arA explaine;! 
the unrlerlylpi physical theory. Starting from the 'Bohr' 
model of the atom he proceeded to explain the various 
modes of excitation of t,he atom. This was followed by an 
introduction to the band theory to explain the action of 
eeml-oonductors. The concept of the electron-hole pair 
was then IntroduceJ leadlna on to fi type and P type If 

ills t f‘ p i 3 X S o TiiP 3 Ci O n n f f" "nT\7 • u * 

dc.io.n ox tiiF r-A] ^unct^on wa- explained 
i-V tlie uet' of pne.'-'/ey level clj ar'rarn =• Tf i.ra e ei--x i 

a pw junction may be used a- , diode and as a voltaye 
reyulator. After def'nln,; the emitter collector end i.arp 
as applied to an BP*1 junction the action of dpw type of 
trannstor was discussed. The characteristic curves of 
traneistors, the various eruivalent circuits, etc. were 
then developed. The Impedance, admittance and hybrid 
parameters were also derived. The speaier then proceeded 
to explain the different types of transistor amplifiers. 
-peCifically the voltaje and current amplification In a 
common emitter amplifier was discussed, tne frequency 
cut off characteristics and the effect of s.aturatlon 
were examined In detail. Tith the help of slides it 
was =hown how transistors are manufactured In industry. 

-he coned’hied his talk after indicatin/t the 

versatile uses of transistors in modern technology. 



ENGIMEEHING ■l.-iiaiLUli COURSE V/OK^ I;'’ U.S.A. aND INDIA 


- A COMPiiai.TIVE ^iSSF.SSMIMT 

Chairman, S, SRINIViiSA’'!’ opene-.l the topic for cliscup- 
sion with a few preliminary remarks. 

IT.IT. JiJiAriDMiJT wanted to know about the detailed 
curriculum and list of prescribed text bocks for under¬ 
graduate education in progressive institutions in IJ.S.A. 

K. KAlEiRiiJii.'T wanted clarification about the lecture/ 
tutorial ratio and the tutorial work at U,S.Universities, 

S. SHI^'iiyASAU mentioned that in India it was common 
practice to have 3 hours of lecture work for the main 
subjects, supported by two to three hours of tutorial 
work per week. 

I.O, EBIdT stated that at Michigan State University, 
U.S.ji., there was nothing like the tutorial system that 
existed in this country. The doubts of the students were, 
cleared either during lecture hour or at the end of the 
period. The exchange of ideas between the teacher and 
tiie taught thus served the same purpose as tutorial 
system in India. T'urthpr the students were made to do a 
lot of iiome assignments which were subsequently corrected 
and returned to the students, degarding the curriculum, 
the speaker said that during the first two years an 
under-graduate student studied a lot of Mathematics, 
Physics and Chemistry. The next two years were spent 
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Besi;'lef tiicpe, poraetimc? stiidpnts submitted t^rpi papers 
on specific topic Enp':est6d by the Instructor. 

Replying to a puestion of I. YE'bvxiTii 8UB?uiijABlAl': 
re.'-ardlng tl:e exchan;-;F of Physicist? an 1 Ingineers tiie 
speakf.r agreed that such an exchange will be benificial 
to both. On a point raised by P.K. RiiMAibiTiW-T, the 
speaker gave the figure of staff contact hour= as 12 to 
15 per week. 

At the request of I'A ildUfiUGI-bif" and So 'JAlAYiPU IYTR 
the speakei" gave o brief account of audio-visual aids 
usc'l for teaching. 

T.f3» I invited a discu'^sion about laboratory 

experiment r. 

5. S'lr T3'Avinitiated the di scursion. Hp d’-rclt at 
leri'^th on tlv position htained In India iviili -iw-'qard to 
loljoratrv ■'■^ork anJ t'Ci'niqufs. iw wo' of iJ-ic opinion 
l.h’d; any ’■'cherne of p-n< i:.leal work has to !'r drawn l)earin,;. 
in r.'iind sucl'i factc'rr like stren.^th of class, aptitude of 
stu'.lentr’, amount of evrfrience of staff members and the 
drsirabllity or other'rirp of using laboratory manuals, 

Th.e experi'’<^'nt'--' de.'-i'/ied should be of such a nature as to- 
suppl(-::;ent the work. d,one !.>'/ ttis sketche.? in the class 
room. To this extent Inborntory work has to be carefully 
planned. 
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Beside? these, soaetime? students suBraitted terra papers 
on specific topic snep.ested by the Instructor. 


Replying to a :]_uestion of f. yE^KHTi:-! SUBltaiiA'-TlAli 
regarding the exchange of Physicists and Ingineers the 
speaker agreed that such an exchange will be benificial 
to both. On a point raised by P.M. HiiHAPATHAW, the 
speaker gave the figure of staff contact hours as 12 to 


15 per week. 

At the request of I'h iflUi-UuPhlP and S. ''Bi^UyA^A lYlR 
the speaker gave a brief account of audio-visual aids 
used for teaching. 


T.b. Pri-HyiiARAfiATIif invited 


discu'’sion about laboratory 


experiment s. 

S„ SMI'll 'Aic-.'’- initiated the discucslon. Hp dwelt at 
length on tise position obtained in India with regard to 
laboratory work and tchnigues. he var of ohe opinion 
that any '^eherne of p-’actical work has to Iw drawn bearing 
in raind sucli factors like strength of class, aptitude of 
students, amount of experience of staff members and the 


desirability or otherwise of using laboratory manuals. 

The experimf-'ntdrsi-'-ned should be of such a nature as to* 
supplement the work, done by the sketches in the class 
room. To this extent laboratory work has to be carefully 


planned. 
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S. I'lAHiiYiJlA IYER and T,B. P^iRTHAru.RitTHY dvelt with 

the number of houre of practical work and also the stress 
on accuracy. 

S. fu-fYA acnA narrated his experience in conducting 
3 Lours Ox instruction class in one week followed by 
3 hours of experimental work the next week. 

ii-o-TJL xwliiDI-’, wanted more stress to be given to 
project work in undergraduate curriculum. 

I.O, EBIRT T,round up the discussion and remarked 
that there are still many U.S. Institutions having 
programmes similar to what is followed in India. 



SYSTEM stability IM THI, SIY'JSI OF LYaPUITOX^ 

P« C. Crl.Y'i D'iaSEKHA tiriF 

lYTRODUCTlCF; 

It V5S in the veer 18 ha that a. If. Lyapunov publlehed 
hie now fanous meaolre about the stability of dynamic 
eyetems in a Huselan journal. For over half a century his 
methods and concepts were understood and appreciated only 
by a few mathematicians. After the Second World War, the 
Russians be.jan increasingly using the Lyapunov method for 
design purposes until it became one of the principal tools 
in the analysis of stability problems of the most varied 
type. Durlnr; the past few yea-s, Lyapunov's so oslled 
"Second hethod" has been the subject of considerable 
re?p-arch in the United States a.? well a,? in the rest of 
the Veste.rn Uorll. 

Th- objective of the ^'SeconJ Met.hod" or the direct 
method as it is called is to determine the- .stability of a 
pystem from the charactsri sties of a scalar function 
(called the Lyapunov function) associated with the state 
model representation of the sy.stemr The important point 
i'-' that a knowled-e of the actual solution of the system 
is not re-iuired to apply this method. This is in marked 
contrast to Lyapunev's first method, which requires the 
solution of the relevant set of differentua equations 

'bo call Lyapunov's concept a method 


3 op 


in e.yplicit form. 
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Is a misnomer. It Is actually a philosophy of approach, 
a point Of vleu which has had far reachlns repwcusslons 
in the synthesis and desl.i;n of nonlinear systems. Being 
a relatively new approach, Lyapunov’s method holds out 
much promise for further development. 

The direct method of Lyapunov is linked closely 
with our intutive concept of stability. Ve understand a 
system to be stoble if the system on being perturbed from 
its equilibrium state always returns to its equilibrium 
state or within some finite region of the state. Lyapunov 
has clothed this idea in proper mathematical form in the 
two definitions of his on stability given below 
L..FINITION - 1 , (Stability'); iin equilibrium state Xg of a 
free dynamic system is said to be stable in the sense of 
Lyapunov if given (; > o there exists a § (t,tj >0 
such that if (|Xg - X^ll^ c, II,^ ^ 

for all t t^, 

here Xq refers to the initial state vector. 

)EPIWITICM _ 2 (ilsymptotic Stability); An equilibrium 
state Xg of a free ’dynamic system is asymptotically 
stable if (l) it is stable (5) every motion starting 

sufficiently near 'dg converges to Xg as t _-^co i.e. 

for eve.ry real number no matter how small, there 

exi.cts a real number T(f^) such that for some S 
//XCt) - Xg// for all t + Ty 
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LYAPUNOV'S DI'-IECT METHOD. 

The Lyapunov direct method reduce? to the constru¬ 
ction of a function V of the state v'ector Y viz. V(T) 
vhose total derivaties X'fith respect to time has certain 
properties which assure stability. The method is 
embodied in two theorems proposed by Lyapunov given below 
without proof. 

THEOREM 1 ; A disturbed motion is stable if the differen¬ 
tial equations are such that it is possible to find a 
sign definite function V(Y) having a time derivative 
which by virtue of these equations is sifsn invariant and 
of opposite sign to that of V or vanishes identically. 
THEOiiEi'l 2 ’ If the differential equation.'' of a disturbed 
system are such 'chat it is possible to find a si'^n defi¬ 
nite function f(1) whose time derivative would bv virtue 
of these equations be a sign definite, function of sign 
opposite to V then the disturbed motion is asymptoticall y 
stable, 

EXAMPLE; It will be useful at this state to consider an 
example of a nonlinear system and the corresponding Lyapu¬ 
nov function. 

Consider a system whose state model is 


x^( t) 

1 

0 1 Xt (t) i 

" 1 

XqCt) X-|(t) 


V(t) 


= 

! 



i 

Xjj ( t ) 


-1 0 Xg(t) j 

Xp(t) xg(t)1 


^2 t 

_ _ 


d 

dt 
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where a is a constant grerter than zero. 

If we consider a possible Lyapunov function 

nV = xg2(t) then 7(:0 is positive definite for 

all X 0 


Then ^ V(X} = 2 XjCt) ^ x^Ct) + 3 Xg(t) 


dt 




(2 1 

on substituting for — xj(t) and ^ x^Ct) from the 
original equation 1 and simplifying we get, 
d V(X) 


dt 


= - 2 a 


I^Xj^Ct) + Xg^Ct) 


it IS clear that — is negative definite. 

Hence all the conditions stipulated in Theorem 2 of 
Lyapunov are satisfied. 

Therefore, the system characterised by Bqn. 1 is stable 

about the equilibrium point Z = o. 

e 

E XISTLN CL OF LYAPUNOV FIFICTICNj 


In general there is no explicit technique for gene¬ 
rating a Lyapunov function satisfying the required stabi¬ 
lity conditions, “ihile the second method of Lyapunov 
sets forth the conditions that must be satisfied by these 
functions, there is no straight forward method in general 
for finding these functions. 

LINEAR SYSTEMS; 


There is an explicit method for .generating Lyapunov 


function in the case of linear time invariant systems. 
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Consider the linear system equation 



= AX 


Suppose we select a positive definite form 


'/(X) = P'L as a Lyapunov functi 


then ~ = X:^. P + £ft px 

dt dt dt 


on 


ri 

Cl \ 


Substituting for — we have 

dt 


dV 

- = - 4 . 

dt ^ 


P A + A^P 


a 


^ ^ ^t^ will be negative definite as required by 

Lyapunov's theorem only if 
P A + A^pf = - Q 


where Q is some positive definite symmetric matrix 
In actual practice Q may be assumed to take a simple 
form e.g. a unit matrix, ^/e then solve the nCn+l)/3 
unknowns belonging to the symmetric matrix P in terms 

of system parameters, to assure stability for the system 
I'^ONLINEAl ST STEF I 


In the case of nonlinear systems formulation of 

Lyapunov function is largely a method of trial and error 
2 

Letov and Lure have shown that for certain special 
class of nonlinear systems the system equations can be 
put in the cannonical form for which suitable Lyapunov 
functions are known. The nearest direct approach that 
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WG can make towards generating a Lyapunov function for a 
nonlinear system is by the application of A'raoovskii's 
theorem. There is also a conjecture of Aizerman's which 
says that for a nonlinear system X = AX + f(X) if a 
matrix K can be found such that 

f(X)^K X then the system is asymptotically 
stable. 

The direct method of Lyapunov is a very powerful 
one. It appeals directly to the geometric Intution of 
the system analystj it refutes the time honoured state¬ 
ment that nonlinear systems are not amenable to analy¬ 
tical treatment. As has already been proved no general 
or particular solutions of the “system equations are 
necessary in this method. The role of the direct method 
of Lyapunov in the rigorous synthesis and optimisation of 
systems is particularly noteworthy. A systematic tech¬ 
nique for arriving at Lyapunov functions is one of the 
primary areas in which research work is going on at 
.present.. 

GUIDE TO LITERATURES 

A very corap^ehensive paper on. Lyapunov's second 
method by Kalman and Betram^ appears in the AStiE journal 
I960.. This article also gives an extensive bibliography 
on the subject. Detailed applications of the method are 
available in various articles scattered in Russian 



literature. The books published by L,tov^ Lure’ aud 

Nalklh^ are of particular Interest, BellcanS and 

Lefchetr® both frcn, US. have aade slgnmoant oontrlbu 

tions to the growing literature on this subject. 
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APPENDIX 

A SYSTEM may be defin-^d as a collection of interacting 
ob;jects with certain measurable attributes. 

By a measurable C'^tribute, we mean such of those charactf 
ristics of the system which are expressible in terms of 
real or complex numbers, e.g. Voltage, Impedance, 
Velocity, Mass, etc. 

The characteristics of a system are in general governed 
by a set of equations. They may be algebraic, ordinary 
differential or partial differential equations. 

One of the ways of describing a system is in terms of a 
set of independent variables known as STATE VARIABLES. 

To apply the Lyapunov method it is necessary to describe 
dynamic systems from the state point of view. The state 
variables may be thought of as a set of information 
required about the past history of a dynamic system 
in order to predict its future evolution. 

Extending our concept of vectors in tnree-dimensional 
space, we can conceive of a system described by 'n' state 
variables. The set of 'n' variables constitute what is 
known as a STATE VECTOiS, 

.. ^*^^transpose 

The space occupied by a state vector in ’n' dimensional 
space is called STATE SPACE. The tip of the state 
vector, describes a curve or trajectory in state space 
as the system undergoes dynamic changes. 
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The ’norm’ of an 'n' diraensionaX vector x denoted by the 
symbol X is defined as follows? 


/(Xli = 







A QUADRATIC PORif in variables (x^ Xg ... x^) is an expres 
Sion in which each term contains the square of a variable 


or the product of two variables. The quadratic form QCx) 
may be conveniently expressed in matrix form as follows? 


Q(X) = Xj. A X 

where X is a column vector and A is a square matrix asso¬ 
ciated with the quadratic form 
LXAMPLE i If Q(X) = a x^^ + S b x^ xg + c X 2 ^ 
then the matrix A associated with Q(X) is seen to be 

Ta b1 


A = 


b 


c 


A quadratic form Q(X) = X^A X is said to be positive defi - 
nite (negative definite) if Q(X) remains positive (negative 
for all l|x!|>o 


Q(X) is said to be positive semi-definite (negative semi- 


definite) if Q(X) remains non negative (non-positive) for 
all IfX/l 0. 

Positive/negative definite forms are also called sign 
definite form in literature. 
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Similarly positive/negative semi-definite forms are also 
kno™ as sign invariant forms. 

The EIGEN VaLUES of a square matrix 'a' associated with a 
quadratic form places the positive definiteness or other¬ 
wise of the quadratic form in evidence (Eigen Values are 
the roots of the determinental equation - Xl/ = o 
where -A is the eigen value and I is the unit matrix). 

The following criteria are useful in this connection. 

i) If all. the eigen values of a symmetric matrix 
are positive (negative) then the matrix is positive 
(negative) definite. 

li) If at least one of the eigen values are zero and 
the remaining ones are positive (negative) then the matrix 
Is positive (negative) semi-definite. 

Alternately we can prove that a matrix a is positive 
(negative)■definite if and only if the principal minors 
of A are positive (negative)* : 

In the analysis of systems, we deal generally• with non¬ 
linear vector, differential equations of the form 

~ = f (X, u(t), t) 
dt 

This form of equations is also known as the STATE MODEL 
form for the system. In the above .equation X denotes 
the State Vector in 'n' variables u(t) is the control 
function or forcing function or input. 
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Vector Equation (1) is equivalent to a set of 'n’ scalar 
differential equations 

i = (1, 0,.n) 

Linear systems are governed by the vector differential 
equation of the following form: 

~ = A(t)X + B(t) u(t) 2 

dt 

Here a and B are time variant ’latrices. 

If Eq, 2 is further simylifxed we arrive at the time 
invariant linear sys'‘:em 

^ = A X + P u(t) 

dt 

where A and B ar' constant matrices. 

An example of such a system is an ordinary LRC network 
with arbitrary driving functions. 

If the excitation function u(t) in the ^tate model of a 
system is identically zero for all t-> o then the system 
is said to be free or unforced. 





P^tlTvicxPT ■£ Cr iiPPLlChTlOrsr Vt-' LlNI^iH HCTO.^ 
iv.w.A. Md-. SCriiiltlAF 

The speaker started with explaining the principle 
of operation of Linear Motor based on the rotating magne¬ 
tic fields. He mentioned several applications of the 
motor in industry some of which are given below: 

i) Weaving Loom 

ii) Winding Packages of Tarn 

iii) Pumping Devices 

iv) Shaping Machines 

v) Take off of an Aeroplane 

vi) Drawing of Steel Wires. 

He proceeded to explain the construction of the single 
phase vertical oscillatory motor with gravity used as a 
disturbing force. 

S. NARtiYAWii. lYEH wanted to know about the frequency 
of oscillation of such a device. The speaker replied 
that it depends on the weight of the coil and strength of 
the magnetic field and that it does not depend on the 
frequency of supply, 

S. WAiUYii.J'Li BHaT wanted to know about the speed 
control and cost of the device. 

The speaker replied that the speed comes down with 
load and magnetic field and that it can be controlled by 
controlling the current. Regarding the cost, it works 
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out cheaper than the conventional induction motor with the 
same rating. 

ABDUL KHaDIR and V. KHISHNAIIOORTHY spoke about the 
purpose and rating of a condenser to be used in conjun¬ 
ction with a linear motor. R. ii.RUt’'riTGAM gave an account of 
oscillations due to q-lag effect and ferro resonance jumps. 

I.O. SBERT spoke about the use of linear motor in 
projectiles. P.H. HAMANATHAN, N.M. JaNARDHAN and 
K. KAMARAJAN spoke about the design aspects of linear 
motor. 



iiKF INTRO DCF CTION’ TO 
SUPER CONDUCTIVITY 


THE PRINCIPLES 


and appeic/.tions op 


R. VE^TjCiiTiiSUBR.^!lii.NYAM 


The history of the discovery of super conductivity 
dates back to 1911, when Kamerlingh Onnes found that the 
resistivity of mercury dropped steeply when cooled from 
4.37 K to 4,83 K. The temperature at which a material 
goes superconducting is called the -'critical Temperature 
Tc”. It was further established by Meissner and 
Oschenfeld that a perfect superconductor is a perfect 

diamagnet. This property goes by the name of Meissner 
effect. 

Other physical changes accompanying super conducti¬ 
vity areJ 


i) an increase in specific heat 

ii) a fall in thermal conductivity and a small 
change in volume.' 

Superconductivity can be demonstrated by inducing 
in a superconducting ring, a high current that persists 
almost indefinitely. .Superconductivity can be destroyed 
by a sufficiently strong magnetic field whose critical 
value, is given by the expression 

T 2 

Hq = Hq Cl - 

c 

when a current through a superconductor exceeds a certain 


4C1 
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•valup, It melts away. This is not due so much to the high 
current values as such, but to -fhe fact that the supercon¬ 
ductivity is destroyed by the high magnetic field created 
by the circulating cur'.ent, exceeding the critical value 

it 

and the consequent restoration of resistivity to the 
material. This e feet is named after SILSBm, 

The resislance of a superconductor increases with 
frequency and ' ormal resistance value is reached at a 
particular c.iltical frequency f^, given by the relation 
h f^ = K T^ , h and X being the Plank's and Boltzmann's 
constants. 

Metals like Silver, Gold and Copper which are highly 

conducting at normal temperatures are not superconductors, 

whereas good superconductors like Titanium, hofnium and 

Zirconium have high resistivities at room temperature. 

Isotopes have different critical temperatures, following 
* 2 ’ 

the rule T^ = constant, M being the isotopic mass. 
Certain materials like Bismuth under pressure and others 
when made into thin films exhibit superconductivity. 
Compounds and alloys of non-superconducting metals, them¬ 
selves are superconductors.. These are classified as 
"hard" and characterised by high high T^ and show 
incomplete Meissner effect. Soft superconductors become 
hard when strained or rendered impure. 
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Some of the mor.. Important applies-[one of super- 
conductivity ares 


i) Power T-ansml PFion and Lof I.ees permanent 


magnet s 


ii) I ■'/, Meaeuring instrument 
ii:-.) High frequency equipment like oscillator and 


mixers 


iv) Sensitive radiation detectors 

v) Electromechanical devices like motor for instru¬ 
mental operation 

Vi) Tunnelling super-conductor junction as a switch 
or amplifier. 

vii) Computer applications in switching and storage 
devices. 


The problem of production and measurement of very 
low temperatures near 0 I\ is closely associated with work 
on super-conductivity and is to be perfected. 



digital isTITDlJiS 0?’ SYSTLifS - LCiiD FLOW STUDY 

V.W. SLTJEER 

INTRO.DLTCTIOY 

Thj ' is one cf the tx^o papers on the application of 
the Di:;,\tal Computer methods to the solution of problems 
relating to Electric Power Systems. One tyne of study is 
the planning and design of a suitable network to meet the 
growing power demands of a particular region for the next 
15 to 20 years. From a comprehensive load survey both 
the real and reactive power can be estimated at the 
various load centres of the region. From past experience 
a tentative network of generating stations, transform'^ir, 
transmission lines, reactors and couiensers is planned. 
This propose.! network is solved for its ’■'n'j o-.is by loing 
a load flow stu..iy. The pov/er fiosfi.s in various transmis¬ 
sion circuits and the reactive power .nt vari^'us busses 
are calculated and these are checked for abnormality. 

Then suitable char.u'es are made in the configuration of 
the network if necessary and a fresh load study is carried 
out. In this way che load flow study aids in the 
planning and development of future systems. 

THE PROBLEM 

The following list of data is known or assumed? 

i) iill the series and parallel parametex-'s cf the 
network such as impedances of lines, transformers and 
line charging capacitors. 
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ii) The generating capacitiee of all generating 
gtatlone together with their reactive kVA range and the 
magnitude of voltages to be maintained at the generating 
stations. 

It is required to have complete terminal informa¬ 
tion at each bus (or node or load centre) i.e. real and 
reactive power, voltage magnitude and phase angle. To- 
calculate only the losses in the system this much of 
information i$ sufficient. However, the calculation of 
individual line flows can be done, if desired. 

approach to the problem 

Consider the sample system shown in Figure 1. 

Busses 1 and 2 are connected to generators, busses 3 to 6 
are loads. Branches 1 to 7 are line impedances and trans 
former equivalents Branches 8 to 10 represent line 
charging capacitors. The neutral is taken as the 
reference BUS. 

In solving such problems one generator bus is taken 
as a swing bus and this is assumed to account for the 
losses in the system. The power input at this bus is 
calculated only after the voltage solution is obtained 
at all the remaining busses. Voltage at this bus is 
assumed in its complex form. 

If the problem is approached in a nodal basis, the 
total number of variables is .12 (six node currents and 
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six voltages). Of these voltage at the swing bus is known. 
The node equation I = Y E gives 6 linear simultaneous 
equations. The relation Pr + J Qn * ^n ^where n = 
to 6) gives 4 nonlin<^ar equations, a similar equation at 
the generator bus which is not a swing bus gives one more 
non-linear equation. In such a closed form of the equa¬ 
tions an iterative solution, which is a repetitive 
process, is resorted to. Such a procedure Involves an 
initial guess of the voltages. The set o.-^ linear equa¬ 
tions are used to find the currents. Th • correction 
factors for voltages are obtained by the use of nonlinear 
equations. These correction factors are added to the 
initial estimate. Now an iterstlon is said to be com¬ 
pleted. These.Tcorrected values are again used to find 
another set of correction factors by repeating the 
entire process. The repetition o| iteration is stopped 
when all the correction factors have become less than a 
specified minimum say OiOOOS. TLph the process is said 
to have converged and the results are accurate to the 
third decimal place. This method of successive appro¬ 
ximations is very much analogous to the consecutive 
adjustments of the voltages in an s.c. network analyzer. 

The unique facility available in the digital 
computer is that in a particular iteration itself the 
correction factor for a particular bus voltage can be 
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ajdea to the bus voltage Immediately as it Is calculated 
and the new corrected voltage Is used for the calculation 
Of the next bus voltage. Also a desired accuracy of the 
results can be easily obtained eg. as lo« as i 5 x IC’. 

The greatest advantage to Electricity undertakln-s 
and power utilities Is that once a general programme I’s 
p .epared and checked for a representative problem it can 
be used thereafter any number of times for different net¬ 
works. 44 study at any future date can be done by punching 
a new set of data cards only and running this new data 

with the previously p’^epared programme in the computer. 

THE PROCESS 


The process can be divided into the following three 

parts: 

i) Preparation of aimittance matrix containing the 
self and mutual admittances of all the busses. 

ii) The iterative method of voltage solution, i.e. 
the admittance values obtained in (i) are used for the 
calculation of voltages by an iterative process. When 
the voltages have converged to the required accuracy the 
iterations are stopped. 

iii) Calculation of terminal information and indi¬ 
vidual line flows. In this part tha final computation 
of complerte terminal information, i.e., real and 
reactive power, voltage magnitude and phase angle is 



carried out. 

In the preparation of the admittance matrix the 
computer nrocesees a list of lines, transformers and capa- 
citences of the system and constructs the matrix element 
by element, a branch need not be assigned a number. It 
can be represented by the numbers of the busses at its 
two ends. The data regarding the first branch in the 
input list is read, its impedance is inverted to admit¬ 
tance and then the terminal information of the branch is 
considered. The branch may fall into any one of the three 
types. 

TYPE 1 - the branch may connect some bus to the neutral 

TYPE 2 - the branch may connect two busses. 

TYPE 3 - the branch may connect two busses and may 

represent a transformer with off-nominal turns 

ratio. 

If the branch belongs to the first type its admittance is 
simply aided to the self admittance of the bus to which 
it is connected. For the second type the admittance is 
added to the self admittances of the busses at the two 
ends of the branch. Further, the negative of the admit¬ 
tance is added to the mutual admittance between the two 
busses. For the third type of connection suitable 
values of self and mutual admittance of the two busses 
are calculated. The computer selects the particular 
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routine automatically depending upon the type of conne¬ 
ction of the branch. Any addition to the eyletlng system 
can be done easily by simply feeding a new list contai¬ 
ning the data regarding extra lines only together with 
the matrix calculated previously, 

A branch is identified by the numbers of the 
busses to which it is connected. For example a branch 
connected to nodes L and K is entered in the list of 
lines as 

L K R X 

To avoid confusion and repetition the number L is 
always to be less than the number K. The data concerning 
the off nominal turns ratios and numbers of the busses 
which are connected to such branches are fed in separately. 

I'lext a list of the specified values of the busses is 
prepared. Three kinds of busses are met with in load flow 
problems. These ares 

i) Swing bus in which the voltage is specified in 
the complex form. This is a bus connected to a ge-nerator, 

ii) Voltage specified busses in which the voltages 
have to be maintained at particular magnitudes in addi¬ 
tion to the real power input to these busses having 
been specified. These are usually busses connected to 
generators. 

iii) Load busses which have a specified real power 
and reactive voltamperes. 
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In a case when both locd end generator are present at a 
bus the generator reactive pover loading Is obtained Iron, 
the final Iterative solution by a suitable ocfflblnatlon of 
the net reactive Input to the system given by the solution 
and the scheduled load reactive power consumption. When a 
bus Is not connected to a load or generator It Is a 

passive node and It Is represented by the specification of 
zero impressed quantities. 

To start with a trial-set of voltages are chosen, 
the network conditions are applied to it and the corre¬ 
ction factors are obtained. This process is repeated 
until correction factors reduce to a value less than the 
specified one, when, it is said to have converged to a 
solution correct to + the specified value. This correct 
solution will then satisfy the prescribed terminal condi¬ 
tion to the desired accuracy. All quantities such as 
voltages, currents, real powers and reactive power are 
dealt with in per unit. Computation involving complex 
quantities is broken down to that of respective real and 


Imaginary parts. Conversion into polar form is done when 
the computation of line flows is taken up. 

The node currents, voltages and power are related 
by the following equntionss Where, 


% ~ ^Km®m " ^ ^%m ^ %m^ ^m^ 

ni=l m=l 

!B—X 



m ''m 




1 current at node iC 

m m J ffl] IS the voltage at'node m 

* %m ■" J’ %m is the admittance between nodes 
E and m. 

N is the total number of busses. 

At a load taa where real and reactive power are epeoiried 
the equations are as follows? 

^ 'Km \ 
n=l “ 


^K* Ik = Pk - ^ ^ 




“ -^Qk , _ N 

■ = %K \ ^ T1 where m K 


''K 


m=l 


or 



^K ’ Qk 



%m where m K 
ra-1 ' 


At a bus where voltage magnitude rather than reactive 
power is specified, the real and imaginary components of 
the voltage for each iteration are found by first computing 
a value &r the reactive power from the following, equation 


Qk “ " Imaginary part of 




V, 


N 


K 


^Km 

in=l 



Reactive power is evaluated for the best previous 
voltage value at the bus and this value of is sub¬ 
stituted in the equation for V|^ mentioned previously* 
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The corrected complex voltage can be calculated to have 
the specified constant magnitude. 

Details of the procedure are as follows: 


i) The process 


Is initiated by assuming a 


set of estimated 


voltages J % all the busses other than the 

slack generator. These values can be taken as 1 + 30 for 
convenience. The voltage of the slack generator bus 
(numbered as 1) is known completely In complex form and 
this complex value is used throughout. 


11) This set of initial values are used in equations 
mentioned above to calculate the currents at bus 8. This 
value of Ij is used with the original estimate of to 
compute the power Input to the systems at bus 8. ^ 

ill) The calculated power Is compared with the stipulated 
power and this Information along with the other condition 
I.e. reactive power specified In case of load busses or 
voltage magnitude specified in case of generator busses I, 
used to find out the appropriate corrections to the vol¬ 
tage of bus 8. This correction Is obtained on the basis 

that other bus voltages remain constant when a correction 
is made. 


iv) The correction obtained Is added to the original esti¬ 
mate of Eg and this new value of Eg together with the 
original estimated values of other voltages arc used to 

compute the current at node .t. This current is used to 
obtain power at node 3, 
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v) Step 3 is repeated to compute correction in the approxi 
mate value of E^. 

This process is continued upto the end of the list of bus¬ 
ses. An important point in the procedure is that as each 
voltage IS corrected, this corrected value is used imme¬ 
diately to calculates the current and hence the voltage 
at the next bus. With the last bus voltage correction 
obtained one iteration is said to have been completed and 
this iteration has provided us with a better estimate of 
bus voltages. The iterations are repeated until the cor¬ 
rections in all the busses become less than a precision 
index. 

The correction routine depends on the type of bus. 

The correction of a voltage means a simultaneous corre¬ 
ction of two quantities. For example, at a load terminal 
the computed current I with the approximate voltage E 
will produce in general both reactive and veal power 
loading and it is desired to determine a correction in 
both the real and imaginary parts of the voltage.Further, 
a change made in either the real or imaginary part of the 
voltage will alter both the real and reactive powers. The 
scheme mentioned here involves the solution of two simul¬ 
taneous equations each time either a load or generator 
bus is corrected. 
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A study of the sample system on the IBM 1680 Digital 
Computer at this College gave the following results? 

Terminal information? 


Bus 

No. 

V Real 

V Imag, 

Volts 

Degrees 

Power Reactp( 

1 

1.050000 

.000000 

1.050000 

0.000000 

0.95222 .43333 

2 

1.098110 - 

.064453 

I.IOOCOO 

-3.359104 

0.50000 .18512 

3 

.975782 - 

.221437 

1.000534 

-12.786517 

-.55000 T13000 

4 

.915934 - 

.158813 

.989600 

- 9.836668 

.00000 ,00000 

5 

,898040 - 

.196418 

.919269 

-18.337375 

-. 30000 -. 18000 

6 

.898180 - 

. 194861 

19074 

-18.840687 

-.50000 -.05000 

LOAD 

FLOW information 



f o ^ ^ 

K 


M 

M 


x 

MVAR 

MW 

~ O 

MVAH 

1 

4 .509144 

.270372 

-.485030 

*** • 

158848 

2 

6 .443081 

.208532 

-.416602 

“* « 

091080 

? 

.1717 54 

,000094 

-.154128 

o 

025504 

8 

5 .328846 

.185356 

-.895128 


110194 

3 

4 -.39 5870 

.597173 

.395870 

M* ^ 

535173 

4 

6 .089158 

.004640 

-.088263 

• 

000886 

5 

6 -.004871 

.000615 

.004871 


000607 


digital studies of x^OWER systems - SHORT ClRa^T STUDY 

V.fJ. SUJEER 
INTRODUCTIOM- 

One other problem met by the power engineer in 
system planning is the short circuit study. This is 
done with a view to obtain the data required for correct 
relaying and to determine the size of circuit breakers. 
This paper deals T-uth the simulation of a three phase 
fault on a desired bus at a time. Fc- each fault the 
voltage of the station bus and the current in each cir¬ 
cuit are generally obtained in the polar form. 

METHODS OF FaUIT STUDY; 

The two digital methods suggested so far for the 
study of symmetrical three phase fault study are; 

•i) the nodal iteration method and 
ii) the matrix method. 

The nodal iterative method consists of writing one equa¬ 
tion for each bus at which voltage is unknown. The set 
of simultaneous equations formed are solved by digital 
computer using the Oauss-Seidel Iteration Method. 

In the second method matrix operations are made by 
the digital computer on the impedances of branches that 
form loops of the network. After forming the short cir¬ 
cuit matrix, the necessary output information can be 
obtained with simple arithmetic operations. 
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The nodal iteration method using the computer is 
dealt with as indicated below.’ 


•BRIEF MATHEI'IATICAL Ba(3.GROUND; 

Consider a set of N linear simultaneous equations^ 

^11 ^1 «12 =^12 •••• ^ ^in ^n == "^1 | 

5 

®21 ^1 ''' ^22 ^2 ^ 2 n ^n “ ^2 ! 

I (1) 

. 5 

5 

5 

®nl ^n2 ^2 ^nn ^n = I 


Rewriting 

1 __ 
11 
1 


^1 = 


(C. - 


s 1 o 3Co • • 


1 “ =*12 ^2 


Xo = 


(C^ - 


^22 ^ 


®2 ^1 * * 


- ®ln 


- ® 8 n^n ’ 


■ a ... 

nn 


- a 


nn-l^n-l^ 


5 

5 

5 

3 

3 

3 

5 ( 2 ) 

3 

3 

3 

3 


Gauss-Seidel method of solving these equations is as 
follows. Assuming first the values for = xg = .. x ^=0 
a new Is ussd with x.-:^ = X 4 ... x^ = 0 to determine 
new Xq from the 2 nd equation of ( 2 ). process is 

continued upto the last equation ( 2 ). 
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«.t the end of first iteration Xi, Xo? •••• 3 r„ will have a 
set of new values different from the starting values to 
obtain another set of new values. The process is repeated 
many times and it is said to converge if calculated values 
after an iteration differ from values obtained in a previ¬ 
ous iteration by an arbitrarily chosen small value. 

The convergence is assured if the diagonal terms of 
the coefficient matrix are sufficiently greater than the 
off diagonal terms. The necessary condition to be satis¬ 
fied for each is that the modulus of the diagonal term 
should be greater than or equal to the sum of the modulus 
of the off diagonal terms. In the present study the co¬ 
efficient matrix being the admittance matrix the above 
condition is satisfied. 

In an W + 1 node network with P parts, the numbers 
of independent node equations is W+l-P. If P=l, then the 
number of independent equations are equal to Consider 
the node. Using Kirchhoff's current lax'^, the following 
nodal equation can be written. 

(3) 

+(Ej^-Ej^^l)Yj^+l .. +CEj^-E^)Yp.^ = 0 

where E represents the voltage with respect to reference 
node, admittance between node K and node 1 etc. 
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Bquation 3 can be written as 
N N 

Ek ^ ^ 0 where 3 E (4) 

3=1 3=1 ^ ^ 


th 

Similarly for K+1 


node, 


we have, 


E 


K+1 


N 

^ Y 


E. Y. =0 where 3 = E+1 (5) 

3=1 :i e+13 


In this manner F equations can be written for II nodes 
putting 

N 

"21 = Y„ , equation 3 can be written as 

3=1 K3 


\ ’fKK - = 0 v,hcre J K 


( 6 ) 


In a matrix form these can be rewritten as 


^11 

- ""is 

“ ^13 

« • 

■ ^In 




0 

■^81 

^22 

- ^23 

• • 





0 

* • 

• • 

• • 

• • 

♦ O 


• • 


• 

• • 

• • 

• • 

• * 

• • 


• • 


1 

• 

-Y 

nl 

- Y 

^n2 

« • 

• • 

Y 

nn_ 

- 

Jn_ 

4 

__c 


The admittance matrix ie an N X N symmetric matrix while 
the remaining are column matrices. 






In fault study a generator node is situated between 
the subtransient reactance and the_ internal emf, Iquations 
are not solved for busses at which voltage is known, 

FAULT STUDY; 

Consider the sample system shown in Fig. 1 consi¬ 
sting of two step down stations identified as white and 
blue, fed over separate lines from a 50 lU/A generator at 
station identified as brown and a 100 'fnerrtor at 

station identified as green. ^.11 impedance values are 
converted to per unit 100 MYA base. 

For simplicity the internal vcltage behind the sub¬ 
transient reactance of each generator is assumed equal to 
1.05 + j C.OC per unit. This enables the representation 
of both machines by one bus. The system is now represented 
in Fig. 2, 

Consider a three phase symmetrical fault on green 
bus having the node number 2. The faulted bus will be at 
ground potmtial i.e. 0 +;j0. Voltages of the remaining 
busses are initially assumed to be 0.5 + j 0,00 and equa¬ 
tions can be written in matrix form. Three voltages are 
unknown and these can be solved by the Oauss-Seiiel 
iteration method, 

A three phase symmetrical fault can be simulated 
anywhere on the transmission line. The fault current 
can be calculated by treatin;: the faulted point as one 
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more node. The new admittance matrix can be formed by 
adding one more row and column to the previous one. 

If at a future date two busses are to be connected 
by means of a transmission line and a fault study is to 
be made, it would be sufficient if the corresponding rows 
and columns are altered in the admittance matrix, 

IMPORTANT ADVANTAGES OF A DIGITAL CALCULATION 
SINGLE CASE AVAILABILITY; 

The loss of time in running an isolated case is very 
small compared with the replugging time on an a.c, network 
analyser. Thus once the admittance matrix is formed for a 
network a record of this can be had in the form of punched 
cards, magnetic tape etc. If at a future date-any load 
bus or generator is added or removed the admittance matrix 
can be altered by making the necessary alterations for the 
corresponding row and column unlike as in a network ana¬ 
lyser, where the entire network has to be set up once 
again. 

Hr ITCID EwgiNEEHING Il/iF-HOUHS; 

Digital computations which use standard programmes 
can be prepared by the engineer before the time of actual 
computer use. The attendance of the engineer is not 
required during the calculation. 
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HIGH kCOJMCYs . 

High accuracy, for example', upto 8th decimal place 
can be obtained. 

ELIMINATION OF ERHORS; 

A modern digital computer can be operated without 
error for a much larger period than that required for a 
practical network calculation. Input data for digital 
computer may be printed so that it is available for 
checking before and after the calculation has been made. 



APPEMDIX 

GAUSS-SEIDEL ITERaTIOT'T 

The direct methods of solution of a s^t of linear 
equations are methods which lead to a correct answer at 
the end of a particular number' of steps, this number 
being a function of the method used. Because of the large 
number of steps involved, round off er^’ors are, .in. some 
problems, so great that the resulting answers are not 
sufficiently accurate. In such cases, some type of ite¬ 
ration method is desirable, i.e., a method in which the 
number of steps is theoretically infinite. 

One such iteration method is that in which the i^*^ 
equation in a set of linear equations. 


®21 •••• 


+ a 


In 




( 1 ) 


* ■••• ■". ^nn ='n = '=n 


is solved for x^. Thus equations (l) are rex'Jfritten as 


Xn = 




®12 ^2 •••• " ^In ^n 


" a 

®22 L 


®21 •• “®Bn ^n 


1 


( 2 ) 


X, 


n a 


nn 


[^n“®nl " ^n2 ^3 *• ~®n,n-l ^n-1^ 
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"K estimated value for ^ ' • 

vciue lor each is substituted into equa- 

tlon 2 and new values of the calculated thereby. This 

process Is repeated, replacing the xj estimates by the 

newly calculated values. The process may be terminated 

when the new values calculated do not differ from the 

previously calculated values by more than some arbitrarily 
specified value. 

The original estimated values may be calculated in 

some manner. One method of calculation of these estimates 

which Ispartlcularly applicable If the diagonal terms, 

in the coefficient matrix are large relative to the 
non-^diagonal terms* 

^ ^ is'to calculate as 


% = 


^k 


a 


kk 


(3) 


EMPLE; 

Use the Iteration method described above to find the 

first four estimates to the solution of the set of equa- 
ti on s. 


4 + Xg + 2 X3 = 3 

^ ^^ 2 "^ ^3 =3 

?l Xg + 4 X3 = 1 
carry calculations to six decimals. 



425 


SOLUTION; ■ 


A first estimate, by Eq.3 is 

Xii = - =0.5 

3 

^31 ^ ^ C*5 

='31 = 4 = 

For this problem, Eq.2 can be written as 

’'l = i 

=^3 = i 


Usin'? the firet estimates in this set of equations skives 


^12 ~ 
^22 = 
^32 “ 


1 

4 

1 

6 

1 

4 


^-1(0.5) 
[3-2(0.. 5) 
[^l-lCc.5) 


2(0.25)[] = 0.25 
1(0.25)3= 0.291667 

1(0.5)3 = 0 


ii thir'l estimate is found, by usin,q the last values of 
the variables in E-.2, as 


^13 

1 1 

4 1 

r 2-0.291667 -o3 = 0.427083 


1 

r3-0.5-oIl = 0.416667 

.0 *. / 

6 

3-0.25-0.2916671= 0.114584 

^33 = 

1 

4 
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Finally, a fourth estimate is 


V - 1 

*14 - 1 

Q-0.416667-0,22016^ 

= 0,338542 

1. 

X24 = - 

6 

[ 3 - 0 .854166-0.114 583^ 

= 0.338542 

X - ^ 

4 

Ql-O . 427083-0.416667^ 

= 0,039063 

olution to 

this set of equations by 

the direct method 


of determinants, is found to bp o-?-^ i ,• 

j ■i.uuna uo oe, to SIX decimal place 

a ccuracy, 

= 0.376623 

Xg = 0.363636 
Xg = 0.064935 

examination of the estimates indicates that the process 
seems to be a converging one in this case. 

In a variation of the general method described above, 
the most recently calculated v..lue of a particular Xj^ is 
used in all subsequent calculations in contrast to the use 
of a given set of estimated values in the total set of 
equations. This.method is often called the OxiUSS-SEIOEL 
method, or simply the SEI;)EL method. This method, when 
it is convergent, converges more rapidly than the pre¬ 
viously described general method. 

I mpLE; 

^-ame os the one given for the general method. 
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SOLUTIONS 

Using the first estimates as found in previous 
examples,- a first time through the set of equations, 
equation 2, .gives the values: 


^12 

- 

^ ^2-1(0. 5)-2(0.25)^ = 0.25. 

^22 

= 

J |^-2(0.25)-1(0.25^= 0.375 

^33 

=r 

^ [l-l(0.25)-l(0.375^= 0.09375 

A second and 

third application of the process yield 

^13 


~ Q 2 -O .375 - 0.18753 = 0.359375 

^23 


1 Q 3 - 0 .71875-0.09370= 0.364583 

^33 

= 

i 01-0.359375-0.364.58.0= 0.06901 

^14 

r: 

4 Q'0.364583-0.138020= 0.374349 

^24 


^ 03-0.748698-0.06900= 0.363715 

^34 


- 1-0.374349-0.-363715 = 0.065484 

Comparison 

Of 

4 

the general method and the Gauss-Seid^ 


method indicates that the rate of convergence, of the 
Seidel method for this problem is more rapid than for 


the former 
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EDDCkTION AND'TilAlNIIlU OF a HO )IRN IFGINEEHIFG STUDENT 

s. sRiuiViiSia'T 

The Engineering Graduates of modern times will have 
to face and tackle problems of a type and nature entirely 
different from those that confronted the graduates two -or 
three decades ago. After the advent of independence, our 
country is making rapid strides in the technical field. 

A large number of major industries have been started. 
However, most of them are joint enterprises in collabora¬ 
tion with some foreign firms or others who hold the -tech¬ 
nical ’know-how’ and are expected to gradually train up 
our countrymen to hold these key positions. In due course 
of time, therefore, it can be expected that there will be 
a number of major industries manned from top to bottom by 
our own countrymen-, also there will be more than one firm 
manufacturing similar engineering goods. There will then 
set in a competitive field, to produce articles of 
highest quality at- the cheapest cost. For this the 
available raw materials in our country will have to be 
used to advantage by evolving new methods of processing 
and manufacture and for this purpose again the firms them¬ 
selves will have to establish research laboratories to 
conduct pilot projects and it will be the future 
engineer’s job to work out these projects. More and 
more engineers will, therefore, be required to enter 
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•the field of research and design. To be successful in 
this field the outlook, training and background for the 
students will have to be considerably altered. In the 
present curriculum mostly the students are given in their 
class rooms a lot of facts and figures and even in the 
laboratories they are given set experiments with detailed 
inv-tructions as to what should be done and even what 
should not be. There is not much scope for them to use 
their initiative or imagination. The students are being 
coached up more or less for passing the University Exami¬ 
nations. The students and the faculty are, therefore, 
more interested in dealing with those aspects only of the 
subject and training of the students as will be useful 
and helpful in passing the examination with distinction 
and not in stimulating the initiative, creative abili¬ 
ties and the imagination of the students. But an 
engineer to be useful as one, especially as a research or 
design engineer must have a different type of training. 

He must get a thorough grasp of the fundamentals of not 
only in the technical subjects but also in the basic 
sciences viz. Mathematics, Physics and Chemistry. He must 
be trained to develop the habit of independent thinking. 
The subjects must be presented to him in such a manner 
as to create a love for the subject and a desire to 
probe further deep into it. It is necessary that a 
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personal contact be established betx^reen the teacher and 
the student and an opportunity provided for the teacher 
to find out the special aptitude of the student, the 
field in Which particular-student has a natural inclina¬ 
tion to develop. It is, therefore, necessary that the 
students should be given a thorough grounding first in 
s-ciences, physics, mathematics and chemistry. 
Then a variety of Engineering subjects should be offered 
and the students given the option to select some of them 
SG as to enable them as well as the staff to ascertain 
the special aptitude of the student* Then he must be 
given a further training of an advanced and specialised 
nature in Physics, I^athematics and Chemistry if necessary 
which Will all be required for the proper study, under¬ 
standing and persuit of the advanced studies in the 
special field of engineering 'of this choice. These Engi¬ 
neering subjects are also to be taught more as applied 
science rather than what is being done now as engineering 
subjects giving merely number of facts and figures about 


apparatus and equipment. In other words what is required 
of an Engineering Graduate should be that he must be a 
man ^ho has a thorough and up-to-date knowledge of the 
basic sciences of I'fethematics, Physics and Chemistry 
that will be useful for the branch of Engineering he 
specialises in a broad based idea of the 


apparatus and 
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Equipment he will come"across in his field of specialisa¬ 
tion and finally-a capacity to think for himself and" be 
able to pursue a project or face a problem intelligently 

and to apply his knowledge in the successful tackling of 
the problem. 

At present in our country most of the Engineering 
Graduates are being employed on Jobs which really belong 
to the field of technicians or even craftsmen. But if 
our country is to progress and earn a place in the Indu¬ 
strial map of the world the Engineering Graduates must be 
given their proper places. The Engineering Colleges and 
the Universities, the staff and the students must be made 
to realise what exactly is expected of them and the 
education and training must be suitably modified. 

Even in such an advanced country as the U.S.A., 
where the technical institutions offer a variety of 
subjects and provide a lot of opportunities for the 
students to specialise in the field in which they have 
a taste and aptitude, the courses, curriculum, etc. are 
in the process of reorganisation. The Massachussetts 
Institute of Technology, the foremost technological 
Institute in U.S.A, has recently introduced a curricu¬ 
lum with a syllabus and scheme of studies vhich is 
entirely and radically different from that existing at 
most of the institutions. The main theme of the scheme 
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is thpt Engineering i"? to ho i- uj. 

A ™mb.r of articles h 

technical , ' ' " «oent ^aars m the 

research Scholaro a«/j . 

experienced educationists on the 
urgent necessity for the change and 

am t,pe Of Bn,lnee«n. S “ 

--enta in thei. oo::; ” 

In=tlt°r '^'^' Ptealaent of the Illinois 

^ h ^ Of Technology, Chicago has te»anked "The pros 

-^^-erlng etndent can look fo„am to mre 
omp asis on sciences and humanities and ie=s attenf 

to applications during his , , ' tention 

hhdergraduate days. Specla- 

; to the postgraduate area and It win 

>>0 too long before a post-graduate degree Is the 

" "““™ Ih Engineering as Is the case In 

the Sciences" 

and Pr^"'* Engineering 

and Provost of Stanford University, California 1 „ an 

article entitled "Electrical Siglneerlng Curricula In a 

0 anging world" m the proceedings of the American 

■ oclety of Electrical Fngineere, writes: 

"In the last decade important changes have taken 

Place in the education of Electrical Engineers . 

The great problem Involved m the training of Electrill 
hgineers of to-day is that there Is so much that is 
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woth learning. This comes about because one of the most 
significant features of present day technology is the 
extent to which advanced mathematics, academic Physics 
and high brow engineering can be used to the solution of 
Electrical Engineering problems of great practical sig¬ 
nificance to industry.... The young Electrical Engineer 
of to-day must know more engineering and sciences than 
was expected 20 years ago* 

number of significant changes are taking place 
to-day in curricula for training electrical engineers. 
First, greatly increased emphasis is being placed on the' 
basic sciences and on fundamental engineering principles, 
with correspondingly less attention devoted to current 
engineering practice and to drill in design and computa¬ 
tion procedures. Second, the undergraduate years are 
being used with increased efficiency. Third, the time 
devoted to College training is on the average being 
extended . 

Electrical Engineers .are today rapidly going back 
to general principles ... Mo longer is the basic sequence 
of physics courses in mechanics, heat and electricity 
considered as providing comprehensive training of 
engineers in physics? familiarity with atomic and 
nuclear phenomena and with solid state physics is 
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rapidly becoming a must for a well trained Electrical 
Engineer. Similarly mathematics through a smattering 
of ordinary differential equations no longer represents 
adequate training for those of our next generation of 
engineers whose interests are in the more technical 
matters? these men must know partial differential equat¬ 
ions, functions of a complex variable, matrix theory, 
statistics, numerical analysis, etc... 

Several new ideas in Engineering Education are bein^ 
currently explored* There- is for example the 5 year under 
(graduate programme which was adapted by several engineering 
schools immediately after the war ... An interesting 
departure from convention is the comprehensive or unified 
engineering curriculum. Here there is only one basic 
engineering programme with instruction so organised as to 
emphasise the similarities between different areas of en¬ 
gineering, instead of the more customary policy of empha¬ 
sising the differences ... 

One of the great weaknesses of much present day 
engineering education is that the student cornmonly is 

handled as a category rather than an individual . 

It is time that each student be treated as an indivi¬ 
dual and that consideration be given to his personal 
ambitions, his likes, his strong points and his weak¬ 
nesses. Each student needs an opportunity to do some 
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6'xpfritnentation ■'Arith himself and his training in order to 
obtain the experience and data that will permit him*to 
make a personal inventory ... 

The discussion is thus concluded with the thought 
that one of the most important steps which engineering 
education can take in the future is to arrange matters 
so that each student has the opportunity to tailor his 
curriculum to fit his personal characteristics rather 
than forced into a predetermined mould that is the same 
for all students. Lock-step may be alright for criminals, 
but it-is not the best way to train engineers to take res¬ 
ponsibility in the world of the future." 

The above extracts refer mostly to Electrical Engi¬ 
neers since it is from an article written by an Electrical 
Engineer for an Electrical Engineering Journal. But the 
basic ideas and concepts expressed apply equally well to 
the other branches of Engineering. It is, therefore, 
necessary that we in India must take early action for 
imparting the proper type of education and training to 
the Engineering Students to suit the modern conditions 
and growth of Engineering Technology and then utilise 
these Engineering Graduates in the appropriate fields in 
a proper way so as to derive the maximum benefit from 
them for our country. 





PROCEiDlIJGS ON 81-6-1^)65 

Prof. A.P,Jiil4B[JLIHGrtM> -the Indian Counterpart, 
welcomed the participants and then briefly dealt on 
the scope of the Summer School. 

•Prof. FEIIilEISEN pointed out that development of 
Engineering should be kept up through Magazines or Journals. 
He emphasized that contact with industries i.s also a 
necessity. 

He mentioned about the staff categories existing 
in U.S. Universities, which are Professors, Associate 
Professors, Assistant Professors and Lecturers. 

He also mentioned that American Universities are 
autonomous with regard to the syllabus. Students can 
choose subjects to suit their individual aptitude. He 
added that the Mechanical Engineering Courses in some of 
the Universities in U.S.ii. are Science-oriented. The 
syllabi are varied and are subject to changes every two 
years. 

Though the basic ideas remain the same their appli¬ 
cations vary frequently. The tool or the fundamentals of 
fluid mechanics, for example, can be explained best by 
reference to a unit like the gas turbine. 

Prof. Jambulingam mentioned about a system present 
in some U.K. Universities where an external examiner 
awards 70^ and the internal examiner for a course 
taught. He also quoted the view of a British educatibnist, 

the University education is for a selected few and not for 
all. 
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MECHANICaL ENGINEERING CtlRRICNLUM 
■W,J. FEIREISEN 

The ej>eaker mentioned about the change In the curri¬ 
culum of ’irisoonsln Unlverelty with the needs of the pre¬ 
sent days. He also compared the Mechanical Engineering 
curriculum of Jadavpur and Delhi Universities with that 
Of the Univereity of Wisconsin. 

He pointed out that the'Indian Universities have a 
high amount of credit hours compared to that of Wisconsin. 

He said that this may not however mean anything in 
reality. 

He compared the percentage contents of several 
courses and 'observed that: 

i) the credits in per cent of Mathematics, Chemistry, 
English, Physics, Thermodynamics, Fluid Mechanics remained 
very much the same with little variation both in Wiscon¬ 
sin and Indian Universities. 

ii) To avoid repetition of certain courses, clas¬ 
sical physics has to be eliminated. 

iii) Chemistry in Wisconsin is only general in 
nature and not too qualitative. 

iv) The drawing content in Wisconsin curriculum 
is on the decrease since it is not the aim to create 
draft smen. 

The absence of courses on speech and technical 
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writing in Indian Universitips was pointed out. He also 
observed that the main complaint of the industrialists 
against the present day engineers is that they are unable 
to write, and communicate. 

The electives would include any subject even.non¬ 
engineering. '■ 

.Surveying could be included under the electives. 

S. SUBRAHaNYaN pointed out that the Wisconsin 
curriculum has decreased the emphasis on Design v^hereas 
the modern trend in the continent is to have more emphasis 
on design. To this Feireisen replied that the emphasis is 

only on the increase though the percentage content has 
decreased. 

To W.G. KOTHANDRAMAN's query Feireisen replied that 
the course on economics is not confined to engineering 
only. 



teaching the thehnosciences 

A,P. JAilBULINGAM 
W.J. EETHEISEN 

A.P. JAI'iBULINGAM outlined the features of the Thcr- 
tnoeciences syllabus in India. He quoted the various 
figures relating to the content of various subjects in 
our curriculum. He claimed that thermodynamics is the 
core of the thermosciences. 

W.J. FEIHEISEN said that the subjects of thermo¬ 
dynamics j Eini(j Kechanics and Heat Transfer X'/ould come 
under Thermosciences. He stressed the need for teaching 
the subject of Fluid Mechanics by the faculty of Mechani¬ 
cal En,,ineering to the students of Mechanical Engineering. 
He felt that Civil Engineers do not emphasise the compres¬ 
sible flow as their studies are confined more to Hydraulics 
He pointed out a number of suitable text books. He defined 
a good text book as one which when read by a student makes 
him understand the most of it. Steps are now being taken 
to co-ordinate thermodynamics, heat transfer and fluid 
mechanics by the use of common symbols etc. 

W.J. Peireisen in reply to a query from S.Subramanyam 
said that he also included Mass transfer whenever he 
mentioned Heat Transfer. 

Heplying to A.P. Jambulingam's query Feireisen 
said the-t the content of Therraosciences was pretty much 
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the same for students of Production Engineering also, 

S, NjiiiASIflHaN pointed out that we lose the physical 
concept when the problems are approached through vector 
analysis. W.J. Feireisen agreed to this, but he pointed 
out that for certain problems vectof analysis would be 
essential. 



TEACHING OF MACHINE DESIGN 
R. Samuel 

The topic, we have chosen for thle after-noon’s 
discussion is 'Teaching of Mechanical design'*. I request 
you to kindly pardon me if I do not dwell at . large -on 
Mechanical Design, but shift, to Teaching Machine Design. 

The two are not exactly the same, as would be made clear ‘ 
during the course of ray talk. I have deliberately devia¬ 
ted a little from the original topic, as I feel a better 
perspective would be obtained that way. To start with,we 
would like to understand the significance of machine 
design in the national Industrial development and economy, 
then in the Mechanical Engineering Curriculum in teaching 
institutions and then pass over to the teaching of 
machine design. 

MACHINE DESIGN AND THE NATIONAL ECONOMY 

Machinery form the back-bone of any industrial 
structure and to have a higher pace of industrialisation, 
the country needs more machinery. Machinery when imported 
drains the country’s economy or renders it dependent on 
others and to avoid both we have to build our own 
machinery. This can be done to an extent, if we have 
the know-how in the fields of production and fabrication 
and materials sciences, by merely copying old machines 
made abroad if their patents have lapsed, or by buying 
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designs from abroad and making the machines locally or by 
•gradually developing our own designs. This last method 
is therefore the proper solution, as it at once boosts up 
•our economy, brings the country to a stage of self- 
reliance and places it in a prestigious position. Thus 
we see that designing and making our own machines has now 
become imperative. 

JlaCHINE DESIGN IN THE CDTRICULUlh 

If we take a different perspective and look at the 
subject of Machine Design from the point of view of Mecha¬ 
nical Engineering Curriculum in a teaching institution we 
are well aware that along with Power, Production & Trans¬ 
portation, Machine Design is one of the basic fields of 
study in Mechanical Engineering, in its ov,m right. 

TEACHING Mil CHINE DESIGN; 

We shall now move over to the Teaching of Machine 
Design. There are two aspects to this problem. One is 
what to teach? and the other is how to teach? The basic 
techniques under the latter head have been discussed by. 
various speakers at the last Summer School and would 
perhaps be taken up by others during the current school. 

I shall, therefore, restrict myself to the first aspect, 
i.e. what to teach? Before we go into the details of it, 
it will not be out of place here to define certain terms 
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»Ith a via. to appreciate the elgnirioapce.anC acope or 
the subject better. 

WHaT is ti I-iaCHINE? 

t^achines sre no^sianv -ice-i i 

y ' efined as a constrained com- 

matron of reslatant bodlee „ea„t to tranefo™ .otlon or' 
tanefer energy and do .or. according to certain preacrl- 
P lone. This definition, no doubt was true earlier C If. 
we take purely mechanical machlnee), but now, I should 
eay, is not quite precise, comprehensive or appropriate 

m many Instances. The earlier definiti„ 

A u6iinition assuznss 

machine elements consisting of purely mechanical Un.^ 

If we accept this definition then our field Is unduly 
circumscribed, as today we have machines consisting not 

only of mechanical elements but alco nr n q. • 

uuc also of electrical, e-le- 

ctronlc and other elements - elements which are not 
restricted to transferlng motion and force alone, but 

also elements meant for memory, logic and decision, for 

control and regulation hni'T'f- - 

guiatlon, built into machines as Integral 

parts of them, such as transfer machines, programme’con¬ 
trolled machines, automatic packaging and processing 
machines, etc. So the old definition Is no longer valid 
in this seh.se. If .e are to take a realistic picture of 
today's machines, 'de could therefore define a machine 
as a unit or combination of units built up In such a way 
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that the ultimate object is to obtain, modify or control 
either motion or force or both (or equivalents like energy, 
etc.) satisfying or obeying the comfnands or prescriptions 
which we might impose and function as a system, perhaps 
as a self correcting system. So, hereafter, I shall mean 
such systems, when I say machines. Such machines, have 
therefore, many more kinds of elements and units than 
simple conventional machines. According to the earlier 
definition even a simple lever or a gear box is a machine. 

But we shall call them as trivial machines and take a look 
at more complicated machines. Machihes tend to get auto¬ 
mated with increasing complexity. Table I shows a clas¬ 
sification of the order of the machines as given by 
Amber Brothers Inc. 

MOW, WHAT IS MiiCHINE DESIGN? 

It is the creation of a new or better working machine - 
a machine and not a component. Quite often we in our 
Colleges talk of machine design, when we actually mean 
design of machine elements, as when we obtain the propor¬ 
tions and dimensions for a Knuckle tioint or a coupling 
and so on. But we as teachers should mean the principles 
of design of the whole machine and n.pt a component design 
when we say machine design. 
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WHAT- TO teach? 

If we say we are going .-to teach machine design, we 
should be av/are of what a designer of machines ought to 
know. Let us follow with the help of Table 2 the process 
by Which a design is developed and thereby make things 
clearef - what are the different aspects of design? and 
what are the fields of knowledge necessary therefor? 

This would give us a better perspective of the inter- 
relationship and significance of the various subjects and 
other requirements. 

STAGES OF DESI(2Jj 

The design of a machine starts with; 

i) the precise and complete Prescription of the 
functions the machine is expected to perform. This is 
largely done by the administration based on Economic 
considerations, their market research and marketing policy. 

ii) The second stage is' Process Fixation . That-is 
to say the particular process by which the above mentioned 
demands could be met, would be chosen from among a 
number of alternatives, eg. If Shoe Polish were to be 
sold in containers and if machinery were to be made for 
the same then the Shoe Polish may be packed in tin con¬ 
tainers' or in collapsible tubes like tooth paste. The 
two alternate suggestions for the process would mean 



447 


entirely different types of process and machinery. Thus, 
fixing the process would apart from depending on the capa¬ 
cities of the manufacturing firm, depend on the alterna¬ 
tives which a designer could offer. The intuition, expe¬ 
rience, versatality and originality of the designer are 
all put to test and all these qualities reflect on his 
designs. 

iii) The third stage consists of the Synthesis of 
Motion or the system. That is to say a linkage or 
machine has to be developed to obtain the desired motion 
without any reference to any force. For non-mechanical 
elements, this is a stage where units are represented by 
blocks in a schematic diagram. 

iv) The next stage is one of Dynamic Analysis and 
Proportioning of Parts. Here the various forces are taken 
into account and a stress analysis is made, as also a 
study of available materials for the various components. 
This stage leads to the provisional dimensions of parts, 

A similar procedure leads to assigning values to non¬ 
mechanical elements. 

v) At the fifth stage the Behaviour of the entire 
System obtained above is studied under static as well as 
dynamic conditions. What is a System? a system is an 
assembly of units, assembled in such a way that all the 
Units together function in a prescribed way. Here we 



448 


are not so much interestfd in the functioning of'the in- 

i 

dividual units as in'the co-ordinated functioning of the 
whole . The stability and the effects of varioUv« distur¬ 
bances on the system tending to deviate its performance 
from its equilibrium auring operation as well as at rest 
will here be analysed. 

Vi) The economic and practical Feasibility of Produ ¬ 
ction or fabrication, assembling, maintaining and dismant¬ 
ling are considered at this stage. If the machine as 

designed above inll not lend itself to any of these then 
redesigning is done. This step more or less completes 
the formal and preliminary design. 

vii) Now a model or prototype is made and tested to 
find out how the machine behaves and then 

viii) a field test is done under actual working con¬ 
ditions and if it is satisfactory 

ix) Production is undertaken 

x) The last stage is one of Analysis of Actual 
Service Data obtained after due time lapse, when the 
product has gone into the market. From the light of 
these observations such as relating to wear, corrosion, 
ageing, unknown loads etc. modifications are carried 
out on the original design. 

The above is a rough and general procedure. It 
need not be that every design has to pass rigidly through 
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this scheme. Sometimes the stages cannot bf undertaken 

independently. 

relevant fields of STUDYs 

To the right of the stages of Design^in Tgble 2 has 
been listed the relevant fields of study where instru¬ 
ction has to be imparted to the student. The listing is 
self-explanatory and the significance of the various dis¬ 
ciplines are obvious. But as yet, some of the subjects 
have not yet been given the importance they deserve. 

TYPE OF INSTRUCTION? 

In Table 2 is also indicated the type of instru¬ 
ction, which in my view would be suitable for the corres¬ 
ponding subject. The curriculum should be planned in a 
co-ordinated way. It is an unfortunate situation that 
even among most Western Institutions, the proper degree 
of coordination is still lacking*. This point should be 
given due consideration. Emphasis is to be laid through¬ 
out more on learning and self-development rather than on 
being taught. This has to be necessarily so in the case 
of creative steps such as the stage of process fixation. 

A LIST OF SUBJECTS; 


Table 3 gives a list of all the subjects mentioned 

in Table 2. We could perhaps have elective groups in 

these subjects to reduce the number of subjects a student 

"Fundamentals of Machine 
Cornell University, 
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has to choose, 

TIME REQTJIHEtCENTS; 

For a person to be trained adequately in the various 
subjects as indicated in Table 2 considerable time is 
required. There are two alternatives - one is to build 
up on what has been done at the Under-Graduate level 
during a Post-Graduate course and the other is to bifur¬ 
cate the Under-Graduate cohrse in Mechanical Engineering 
itself into suitable branches with appropriate electives. 
That would mean an elective group with specialisation 
along the line of subjects indicated. With some slight 
modifications of our existing systems we could introduce 
and accommodate such a step. This might be contradictory 
to the policy of retaining the U.G.course in Mechanical 
Engineering as a general Mechanical Engineering Course 
without specialisation in any particular field. But the 
field of Mechanical Engineering) being so vast as we see 
it today, the sooner such a division takes place the 
better it would be. 

staff RE;.jUI^.EMDTTSj 

Table 3 lists related subjects in groups. It would 
be best if persons engaged in teaching were to confine 
themselves to such related subjects so that they could 
be of effective use to the student community as well as 
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be more productive in their own fields. For many of the 
subjects listed qualified teachers are available in each 
College. Teachers, especially belonging to the field 
of machine design must have first hand knowledge of what 
is actually happening in the industry. They should, 
therefore, be permitted to undergo occasional practical 
training in the industry, encouraged to visit varied 
establishments and even work in the industry for short 
duration, say during the vacations. Only then will 
they be aware of what is actually happening and contri¬ 
bute positively to the student community and to the 
state and thereby benefit themselves in the process. 



table 1* 


Order 
of auto- 
maticity 

Essential Characteristics 

Examples 

0 

Elementary tools replacing no 
human energy or control 

Pliers 

1 

Power operated but manually con¬ 
trolled and fed machines 

Electric 

Brill 

2 

•Power operated but vith only 
oh-off control by human effort 
but work must be set up 

Shaping 

Machine 

3 

4 

Open loop self-acting machines 

Closed loop feed-back controlled 
machines where performance is 
compared to a standard 

Turret 

Lathe 

Governing 
of engines 

5 

Machines using computing devices 
where control is based on solu¬ 
tion of equations 

Gun 

Turret 

Control 

6 

Machines where control is based 
on automatic solution of logic 
functions 

Telephone 

equipment 

7 

Machines that l^'am from mistakes 
and attempts different modes of 
operations as necessary 


8 

Machines that can extrapolate from 
previous experiences 


9 

Machines having creativity or 
originality to come up with 
new concepts 


10 

Machines having all above 
potentials plus ability 
to give orders to human 
operators or designers 


* Extract 

of Table by 



Amber G.H., and ^uiber, P. S., 'Hearuring Automation 
SiiE Journal, July 1957. 
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Demand knowledge of Which can be 

Stages of Design or require impared by 
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T iiBLE 3 

A LIST OP SUBJECTS; 


Market Research and iinalysis 
Statistical Methods 
Industrial Economics 

Kinematics 

Dynamics of rigid bodies 
Dynamics of machinery 
Dynamics of elastic systems 
Dynamics of control systems 
System behaviour and Analysis 
Network Analysis and Synthesis 
Principles of automation 

Materials Technology 

Mechanics of Materials 

(inclusive of stress Analysis,etc.) 

Model -Studies and Dynamical analogies 
Engineering analysis 

Theories of measurement and experimentation 
Production Processes and Economics 
Design Office Procedure and Techniques 
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DISOiSSIONi 

i) Is it possible ror an undergraduate student,.who 
has not come across automatic machines, to design such 
machines? 

It is not necessary for a student to have seen 
automatic^machines. If he is given the necessary data, 
he can and must be in a position to design by synthesis 
and' analysis. 

ii) ,Is it advantageous to copy a foreign machine of 
an automatic type? 

It may not be good as some of the complicated 
motions may not be properly copied retaining the 
conditions affecting acceleration, inertia, etc; 

iii) Is it desirable to have our present curriculum 
which aims at force analysis changed into one similitude 
principle using indigenously available components? 

Components can be treated separately. Design of 
machines using indigenous materials may be treated 
separately. 

After the discussion, the film "Structural Testing” 


was shown. 



industrial engineering aJTD flkMJFACTUHING PHOCISSES 
H.O.N. JOSEPH 

The sum and substance of the course in Mechanical 
Engineering remained more or less static for a long 
period until the introduction of the integrated course 
recently. The fourth plan period aimed at an expenditure 
of 10 crores for technical development. In the context 
of the present day developments it is doubtful whether 
we are giving to our students what they would need when 
they leave the Universities, Affording facilities for 
the students to specialise in any one of the fields of 
Heat Power or Production or Machine Design might be 
thought of. The time allotted now for Production Engi¬ 
neering is too limited^ The students must be trained 
to produce equipment at the minimum cost with minimum 
labour with a proper human relationship among the 
labour. He must have a good knowledge of stores, 
accounts, production planning and control, labour pro¬ 
blems, ability to put his ideas to his superiors and 
subordinates properly without any confusion, economics 
of the manufacture of various, production methods, etc. 
The time allotted to Industrial Engineering was low and 
inadequate. The syllabus in Industrial Engineering 
itself should be increased’. 
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DISCUSSION; 

A,P. JAMBULING4M remarked that Industrial Engineering 
course could be offered as a separate discipline under 
"Methods Analysis" or "Managerial Division" or "Production 
Division". 

W.J. FEIHBISET'Tj In the University of Wisconsin, a 

student could obtain M.S. degree in Mechanical Engineering 

with a major in a particular field. There was in recent 

times a great demand for people trained with Industrial 
Engineering background. In Wisconsin there was a more 

to bifurcate the Industrial Engineering from Mechanical 

Engineering. In Industrial Engineering itself there 

could be an integration of all sub-topics into a single 

system called "Management System" which would mean a 

course on Engineering material and men. 

However the Engineering student must first receive 

a broad based education rather than a specialised one. 





THE ROLE OF THL SHOP a?D CO-OPERATIVE PROGHiiirES IN 
MECiiANICAL ENGINEERING aTi-iRICOIA 

R.P. ARTHUR 

The author pointed out that the aims of practical 
education in workshop ares 

i) Proper understanding of theory 

ii) Achievement of certain amount of personal skill 
and familiarity with the machines. 

iii) Getting to know the time for certain operations. 

iv) To get ideas about the Engineering materials - 
machine ability of materials, hardness of materials, 
speed of cutting etc. 

v) Economics of manufacture 

vi) Mastery of the various processes 

vii) Methods of measurement - accuracy - tolerance 

viii) Ability to read blue prints 

ix) Ability to use the tools correctly 

x) Personal satisfaction of certain achievements 
of having manufactured a certain piece all by himself. 

Regarding co-operative programme, three or four 
students may be grouped together and manufacture of a 
machine may be given so that they may co-ordinate their 
work to achieve a common objective. 
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Dlsa^SSION; 

A.P, JAlSULINGiiM pointed out that co-operative pro¬ 
gramme as envisaged in the programmes is co-operation 
with the industry. If the students could be provided 
training in industries even while he is studying, it 
would be of considerable help. 

¥• J. FE'IREISEN pointed out that if staff are 
employed in industries during summer, they would return 
to Universities with rich experience. 

He also remarked that the students should be given 
opportunity to complete a job and see it working or being 
put to use. Motivation in a student will be very useful. 
In Wisconsin the students are not expected to be in the 
shop during any definite time. They are given a piece 
work and asked to complete within a specified time. So 
with minimum equipment, a large number of students can 
be trained. 

It is not necessary to train students to a high 
degree of skill since they are mainly to serve as 
Engineers. They are not to be used as technicians. 

The discussions were followed by a film on 


"Atomic Venture", 



THE MECHiil'IICAL ENGINEERING LfiBOHATORY - CURRICULUM 
W.J. FIEREISEN 

The speaker said that the objects of experimental 
tion is toJ 

i) Illustrate the truths or the laws or the funda¬ 
mental principles which cannot be dealt well in class. 

li) Correlate the analytical calculations made in 
the theory class with experimental values in the laboratory. 

iii) Teach the student to be careful in reading the 
instruments, etc. 

iv) Gain knowledge and experience to convey his 
ideas to others by means of a report. 

v) Teach the students to feel the importance of 
working in a co-operative manner in team spirit in all 
systems experiment. 

Vi) Make the student cultivate qualities of 
leadership. 
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DISCUSSION I 

^'^here there is a tendency for one or two students 
to copy the work of otherSj such students should be made 
squad leaders. The teacher and the rest of the students 
must deal through this ^tudent. Secondly all the students 
must rotate to read various instruments, instead of one 
student always reading one instrument. 

Students should be required to evolve the method of 
carrying out the ejqjeriment by themselves. 

grading as followed in WISCONSIN UNIVERSITY; 


30 Points 


40 Points 
20 Points 
10 Points 


; for turning all reports of 
e3q)eriments in time and get 
accepted. 

2 For quiz 

; For contents of the reports 
; For general conduct, 


behaviour etc. 



COUBSE PROSPECTUS FOR ECPD INSPECTlOU* 
mechanical ENGINEExRING 612-179-2 

technical whiting 

(3 CREDITS) 
a) COURSE CONTENT? 

Engineering reports and business communication; 
practice in planning? preparation, and critiquing of a 
variety of reports and business letters; emphasis on 
writing techniques and organization, Mr,Sell, Mr.Elsom, 
Mr.Esser. 


b) PRIMARY SUBJECT A:mS; 

Broadly, Formal and Informal reports, ■‘■he .former 
consists of approximately a month-long project, from 
original research through information gathering, out,li¬ 
ning, rough drafting, to polishing and revising into a 
finished report. Topic student-selected, to enhance 
student interest throughout. Informal reports consist 
of memoranda, long and short; laboratory reports, 
progress reports; business communications represented by 
letters of inquiry, answer-to-inquiry, letters of com¬ 
plaint, answer-to-complaint, letters of application; 
some work in proposal, specification and instructional 
writing. 


*As adopted in Wisconsin University 
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c) TEXT BtOK AND PaGES COVERED: 

Sigband, Norman, B., LFFEOl'Vm REPORT WHITING, 

Harper Brothers, Poblisheis, Hew York (Pages covered 
indicated on course syllabus enclosed after sheet 8 

telow. Students held responsible for everything In the 
text). 

The technical, writing course M.E.179(CE 279 ) ig 
directed toward the developnent or practical writing 
skill: Clarity and brevity for engineering material, 
facility for business correspondence. More time than Is 
available could be 'pent profitably on the writing pro¬ 
blems faced by the engineer; as only one' semester' s work 

Is scheduled, the student should make the most of the 
programme. 

One mc-Jor assignment is a formal report. Length 
and content vary? the student should select a subject 
significant for his own professional interest. 5 ome reports 
submitted last semester were deficient because of what may 
have seemed unimportant details such as typographical 
errors and misspellings. More serious is the bad sentence^ 
the sentence that does not say what the writer-means, 
that has to be re-read a.nd guessed at, or may be inter¬ 
preted in a sense far from the writer's intent. 
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sentences strung together is wasteful, redundant verbiage 
mark the writer who has not taken time for polishing and 
second thought, and suggest that the material represents 
something less than mature thinking. j5angling constru¬ 
ctions and misused pronouns make for confusion, and bad 
grammar seriously downgrades the engineer's professional 
status. The student should realize that he will through¬ 
out his career be writing for busy people who do not have 
time to try to read his mind, and that what is put into 
writing may be very Important in regard to differences 
that may even reach court rooms. 

The formal report is submitted first in rough 
draft. This is to free the student from inhibiting 
concern about stylistic details, and encourage the flow 
of ideas, however, it should not destroy concern for the 
reader, who needs legible material, "one side only", with 
margins (room for reader comments), in black ink, if hand¬ 
written, or good black typeface if typed. Thin paper 
should not be used. 

Rmphasis is being placed again on an old rule: 
after three consecutive absences a student shall be 
dropped. Certainly three or four unexcused absences, 
in class or in weekly conference, will prejudice a 
student's record. Trips for employment interviewing 
are not valid excuses for incomnlete work. 
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Papers produced for this course ^^ill be filed with 
readers. Each student will provide a manila folder with 
his name lettered on the tab.' Papers will be processed 
by readers and discussed in conferences. When they have 
served their purpose, the papers will be initialed by the 
student, in the upper left corner, with any appropriate 
comment, to signify that they should be filed. Papers 
may be corrected, revisei, or, with the consent of the 
reader, rewritten. F.-pers to be revised should be labelled 
(corrected, rewrlt'j . and if rewritten a paper should be 
designated "A Rewrite". 

■The rough draft of the formal report which has been 
processed by the reader should be turned In with the final 
write-up. Papers In the folders will be checked before 
final grades are set. After grades are posted, students 
may pick up their folders. 

In this course the student should think of himself 
as a practising engineer? he writes for self-advancement, 
for an employer, perhaps for stock holders, or for 
government executives. He should think of his reader as 
the person he would probably be dealing with in real 
life, and his assignments in terms of practical 
realities. This requires a certain amount of imagination 
and mature capacity for adjustment - both of which should 
be valuable for his future. 
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Papers should be endorsed on the back. 

Doe, John (Your name) 

Wed. S A.M. (Your conference day and hour) 

Assignment (The number and short title to 

identify) 

February, '65 (Date of writing the paper) 

Mr, Hoe (Reader's name) 
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ME-IVQ TICHNIQiL WRITING TENTiiTIVE LEdUIiE iiND ASSIGNMENT 
SCHEDULE TEXT - EFFECTIVE REP Old WHITING BY 

Fall semester 1954-1965 


DATE 

LECTURE 

Sept. 

15 

Objectives of Course 

17 

Value of Technical 
Writing 

18 

Memoranda 

22 

Readability and 

Clear Writing 

24 

Readability and 

Clear Writing 

25 

Long Memoranda 

29 

Oct. 

Long Memoranda 

1 

Collection of 
Information 

2 

Organization of 
Material 

6 

Organization of 
Material 

8 

Laboratory 

Memorandum 

9 

. Laboratory 

Memorandum 

13 

Sentence and 

Eypanded definition 

15 

Technical 

Description 

16 

Use of Engineering 
Library 


TEXT aSSIGNMEOT 

. assign. 

None 

pp. 3.13 
pp. 205-214 

pp. 168-179 

pp. 183-191 

N ot e s Mem or a n dPlii 

pp. 322-338 

pp. 16-55 
pp. 96-131 
pp. 56-90 
notes 

notes Investigative 

memorandum 

pp.394-400 
pp,400-422 

Notes(review Laboratory 
pp.16-55) memorandum 


468 




469 


WRITTEN 


DATE 

LECTURE 

TEXT ASSIGWMEl'JT 

assign. 

Oct. 




20 

Planning the Long report 

Notes 


S3 

Types and Form of Long 
Report 

pp,264-506 

Library 

Re search 
Memo 


23 

SIX WEEK TEST . 



27 

Topic Memo Dlsucsslon? 
Mechanics of Style 

pp. 646.-676 


29 

Mechanics of Style 
Exercise 



30 

Introduction to Long 
Report 


Formal 

Report 

Topic 




memo 

Nov, 


pp.183-200 


3 

Body of Long Report 


5 

Terminal Sections of 

Long Report 

PP.4C7-412 

Outline of 
Body of 

Formal 

Report 

6 

Use of Illustrations 
( slide s) 

pp. 140-163 


10 

Use of Tables & 
Illustration 

Note s 


’ 12 

Technical Description 
Exercise 

pp. Ill-131 

Introdu ction 
to Long 
Report 
(rough 
draft) 

13 

Criticism of Reports 

Notes 


17 

Persuasive Reports 

Note s 



Persuasive Report Body of 

Exercise Formal 

Report 

(rough 

draft) 


18 
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19 TWELVE WEI'i S TEST 

Iffi-179 TECEMICiiL WRITING TENTATIVE LECTFRE aJ^TD ASSIGNMENT 
SCliLDQLE TEXT - EFFECTIVE HEPOfiT WRITING 


Fall 

SEMESTER 1964-1965 



DATE 

LECTURE 

TEST ASSIORtENT 

WRITTEN 

ASSIGN. 

24 

BusineSvS Letters s' form 

pp,501-529 



thanksgiving recess 



Dec. 

1 

Business letter; style 
and tone 

pp.550-554 


3 

Letter of Inquiry 

. Notes 
pp.555-565 

Letter of 
Inquiry 

8 

Letter of Complaint 

pp.451-496 


10 

Instructional Writing 

Notes 


11 

Answer-to-Inquiry 

Exerci se 



15 

Progress Reports 

pp.214-224 

Formal 

Report 

17 

Proposal Writing. 



18 

No da ss held. 




CHHISTLEiS;HEGE.SS 



Jan, 

6 

Oral Reporting 


Letter of 
Complaint 

7 , 

8 

An swe r -1 o- Comp la 1 n t 
Exercise 

Exercise 


Letter of 
Application 

12 

Review 



13 

FU^AL EXAM. 




mi 



